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FOREWORD 


In the QUAtiTEn CEvruii'i since publication of ibe first edition of Ortho- 
pedic Appliances, the need for a new edition to encourage bracemahers and 
orthopedic surgeons to explore the full potential of orthopedic treatment 
along modem scientific lines has become increasingly apparent The large 
accumulation of requests for information in the field made it additionally 
urgent that a second edition of tins \ohime be offered at this bme 

As the first edition, published in 1938 by the Oxford Um\ ersitj' Press, 
was quicUy absorbed by the market and pubhcation rights reverted to tlie 
author in the intervening years, I decided to renew a recent association 
with the Amencan publisher, Charles C Thomas, who published m) previous 
book, Hemophilic Arthropathies, in 1958 As I anticipated, the collabora- 
tion vv as, once again, a pleasure and a privilege 

This project would not have been possible without the support of 
Hemophilia Research, Inc , which administered the generous grant made b> 
Miss Florence L Schepp, providing the necessar) funds for the preparation 
of the manuscript and illustrations, and for publishing this edition It is 
difficult to express my gratitude for Uus assistance 

sincere thanks are due to Mr Alfons R Glaubitz, COP, Chief, 
Orthotic Prosthetic Facilit), Slate Hospital for Crippled Children, Eliza 
bethtown, Pennsylvania, a scientifically minded bracemaker who contribut- 
ed bis vast knowledge of brace constructions and brace shop procedures 
to this as well as to the previous edition 

Mr Paul Schumacher, C O , manager of the original Lenox HiU Brace 
Department and now in charge of the hemophilia workshop at Lenox Hill 
Hospital, deserves special recognition for his role m the development of 
individualized hemophilia Ilessing braces vvjth their spring joints and 
locking dev ices 

In editing the manuscript for publication, Mrs Carol S Diamond has 
presented the text and illustrations in such a way as to provide readable yet 
comprehensive accounts of tlie uses of tlie many orthopedic appliances de- 
scribed in tliese pages and the tecluiiques for tlieir construction My thanks 
are due for her skill in this undertaking 

I am also mdehted to The Bergman Associates for tlie umform excellence 
of the new illustrations in this edibon vv hich, m e\ ery instance, heighten the 
clan^ of the presentation 

Finally, I should hke to acknowledge the courtesy of various authors, 
editors, and publishers wlio allowed me to reproduce thirty nine illustrations 
in the first edition of Orthopedic Appliances A number of these appear 
again in this second edition 


Henry H Jordan, M D 



INTRODUCTION 


Tiie OFFsrniNG of general surgerj and the ancient craft of bracemakmg, 
orthopedic surgery' lias become a well defined and universally recognized 
specialty It shares with other spccialbes of medicine man) diagnostic 
methods and therapeutic resources Since the era of asepsis and antisepsis 
and following the introduction of anesthesia, the orthopedic surgeon has 
been interested chiefl) m the surgical approach 

Strangely enough, bracemaking, the oldest branch of orthopedics and 
the onl) area in which it remains entirel) independent of the other spe 
cialized fields of medicine, lias been large!) neglected by tlie orthopedic 
surgeon Instead of exploring the therapeutic possibilities of ortliopedic 
apphances along modem scientific lines, the orthopedic surgeon has largel) 
delegated responsihilit) for design and constniction of appliances to the 
bracemaker Although the onginal prescription is usuall) made by the 
orthopedic surgeon, there is little or no cooperation between surgeon and 
bracemaker in the actual manufacture and fitting of the appliance Yet it is 
this \eTy cooperation, based on training and expenence on both sides, that I 
shall emphasize throughout these pages as basic to superior bracemaking 
ind successful treatment wth orthopedic apphances 

Because this cooperation between tlie orthopedic surgeon and his brace 
maker has been too often lacking m tlie past, tlie field of bracemaking has 
become, on the whole, increasingly sterile, forfeiting the significant place it 
deserves m the armamentarium of orthopedic surger) As I believe this 
trend sliould be reversed, a second edition of Orthopedic Apphances is 
offered here m the hope that both orthopedic surgeon and bracemaker will 
find m It material that will provide answers to some of the man) problems 
of bracemaking, and stimulate tliem to the broader use of ortliopedic ap 
pliances designed along modem scientific bnes As tlie introduction to our 
first edition, published m 1939, stated 

The purpose of this book is to quicken the interest of both orthopedic sur 
geon and bracemaker m the problems of construction and building of 
orthopedic apphances on modem scienlific lines, and to give the brace 
maker a better understanding of the requirements of modem orthopedics 
as far as the appliances are concerned, and the orthopedist a better under 
standing of the facilities and the Iimitabons of bracemakmg and of the 
influence which he can exert on the production of better braces Tins book 
aims at giving a cross section of modem bracemakmg as a foundation on 
which the orthopedic surgeon and the bracemaker should develop new 
ideas 
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This edition wiU differ from the onginal. not only m its selection of old 
and new appliances of choice, but also in reducing to a minimum all discus- 
sions of medical indications These will be included only insofar as they are 
necessary to explain the purpose of any appliance illustrated within these 
pages 

Diinng the more than twenty years since Orthopedic Appliances was 
first published, the Orthopedic Appliances Aflos* has appeared in the United 
States and E J Nangles Instruments and Apparatus m Orthopedic Sue- 
gerijf was printed in Great Britain Both works contain a generous sampling 
of illustrations from my onginal \oIume Soon after World War II, and 
continuing to dale, there has been an ever-increasing number of requests 
for copies or reprints of Orthopedic Appliances, evidencing tlie persistent 
interest of hundreds of bracemakers throughout the United States and of 
many of the large group of men who have made orthopedic surgery their 
specialty As the first edition was absorbed by the market soon after pub 
lication, tins second edition is now available to meet the demand m the 
field 

The principles of scientific braccmaking have not changed In adcU 
tion, most of the brace constructions illustrated in the first edition have stood 
the test of time Wliere, however, scientific progress m materials and manu 
factunng processes has made them obsolete, they have been dropped from 
the present edition 

'Iliere hav e been many changes, of course, m the general field of ortho- 
pedics They concern, largely, the new identity of tlie orthopedic patient 

Many diseases and their sequelae calling for orthopedic appliances 
which were discussed in tlie first edition, Iiave disappeared or are onh 
rarely seen Here, I would mention congenital syphilis syphilis of the 
central nervous system (tibcs dorsahs), nckels, with its once large crop of 
bowlegs, kiiockknees, and scoliosis tuberculosis of bone and joints with 
the gibbus of tlie dorsal spine, and even paraly tic deformities from poho- 
myehtis, as few new cases will require bracing w^th the dramatic conquest 
of this disease Congenital deformities seem to be increasingly rare, where 
present, they have become more amenable to definitive surgery The inci 
dence of hip dysplasia has decreased, and the fully developed talipes cqui- 
novarus occurs less frequently, to be siicceetled, apparently, by the lesser 
problems of metatarsus varus and pes adductus anterior 

Many conditions, of course, conbniie with the same incidence Others 
have gamed in importance from the viewpoint of bracemakmg In the pxst 
quarter of a century, man's longevity has increased beyond expectations 
Not only will many of us reacli our eiglilies and nineties, we shall also re 
mam much younger in tlie process Tins means that man continues with 

•Vol I The American Academy of Orthopedic Scirgeoiu Inc, Ann Arbor Michigan J W 
Edwards 1952 

fOiford Blackwell Saentific Pubhciticms, 1951 
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activities which expose him, in his later years, to traumi of all kinds, par- 
ticularly to fractures In tlie conslantlj increasing group of the aged, there 
are many more cases of bone pathology, such as osteoporosis and Paget’s 
disease More cases of cancer are detected and kept aliv e for longer periods, 
thereby allowing time for the development of bone metastases The nsk or 
the fact of pathological fractures of tlie extremities calls for prevention or 
treatment with orthopedic appliances With improved medical care, more 
patients return to active living after a cerebral \ascular accident with a 
residual spastic pes equinus requiring bracing Rheumatoid arthritis and 
degenerative joint diseases (malum coxae senilis) may benefit from or rel) 
upon orthopedic appliances with or without previous attempts at rehabihta 
tion b) surgery 

Anotlier group which had not appeared on the scene w hen our first edi 
tion was pubhshed has come into the spotlight of modem bracemaking 
Small as it is numencally, tlie \eiy life of these patients depends to such 
an extent on the status of bracemaking throughout the country tliat publi 
cation of this second edition became imperative I am speaking here of 
hemophilia with its cnpphng artliropathies and myopatlnes, until fairly 
recently regarded as a hopeless disease With the gradual realization that 
progress m hematology could preserve tlie life of die hemophiliac, there 
came tlie knowledge tliat specific ortliopedic treatment was essential to 
repair die tremendous damage caused by hemorrhages into bones and joints 

As open surgery and the customary mediods of correction of deformities 
could not be employed because of the nsk m hemopluha, it was natural to 
turn to a modality of treatment used successfully in the past in non surgical 
correction of contractures and deformities caused by infantile paralysis 
Personal experience with the sound principle of subliminal forces intro- 
duced by F Mommsen in 1922 m a paper entided ‘ Die Dauerwirkung klei 
ner Krafte bei der Kontrakturbehandhing (Quengelmethode) * (“Contm- 
uous Action of Small Forces in the Treatment of Contractures”) suggested 
its sdaptatK^ to tite spociai roquiraneftts o! }tomop}ii^iacs 

We began treatment of our first hemophilia patient m 1946 with correc 
bon of a long standing flexion deformity of the knee joint from hemoplulic 
arthropathy Since then, our work, sponsored in large part by The Nabonal 
Hemophilia Foundation, lias led to the development of atraumatic plaster of 
Pans techmques and the constnicUon of individualized ortliopedic ap 
phances tliat have resulted in the reliabihtabon of hemophilia pabenls to a 
degree that is almost beyond belief The very speafic requirements of the 
hemophilia victim and the unusual precaubons that must surround the 
bracing of this parbcular pabent have led to modificabons of standard ortho- 
pedic appliances wlucli, for the sake of simplicity, we call Hemophilia 
braces It is partly because of tliese specially developed appliances that 
the Hemopluha Service at Lenox Hill Hospital in New York City has be- 


*Zlsehr / orthop ehir , 1922 42 321 50 
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come a treatment center that has given hope to hundreds of hemophilia 
sufferers throughout the United States 

For tlie sake of economy as well as for the obvious reason of convenience 
to the patient, treatment of the hemophiliac must certainly be established 
on a local basis It has been unfortunate that all of our attempts in the 
past fifteen years to decentralize such treatment by organization of local 
chapters of The National Hemophilia Foundation throughout the country 
liave suffered from tlie fact that brace shops equipped to provide ortho 
pedic treatment for tlie hemophiliac are almost non existent at the local 
level It IS, therefore, a primary purpose of tins text to provide the requisite 
information on construction of individualized Hemophilia braces in order to 
encourage bracemakers outside of New York Cit) to develop tins skill and 
provide Uie hemophilia patients with proper appbances for treatment and 
rehabilitahon 

Despite the decline in certain diseases and deformities requiring ortlio- 
pedic appliances, tlie demand for superior bracing by scientifically correct 
orthopedic apphances remains a challenge to orthopeic surgeon and brace- 
maker alike The number of patients requmng their help is certainly great 
enough to justify continued teaching m the field and exploration of ne« 
methods and devices for easing the existence of that segment of the popu 
lation that IS eitlier temporarily or permanently cnppled 



CONTENTS 


Page 

Forettord 

Introduction ix 

Chapter 

1 Plaster of Paris Teoinique 3 

The Model for Foot Braces and Plates 8 

The Model for a Spinal Brace 12 

A Plaster of Pans hfodel for a Celluloid or Fiberglass Appliance for 

the Back 19 

The Quengel Cast 21 

2 Splval Braces 30 

Common Factors in the Construction of Spinal Braces 31 

The Passive Supporting Spinal Brace 34 

The Active Correcting Spinal Brace 40 

Building the Passu e Supporting Spinal Brace 50 

Building the Active Correcting Spinal Brace 55 

The Celluloid or Fiberglass Shell 57 

The Celluloid Corset 59 

The Leather Cork Corset 60 

The Jewett Hyperextension Back Brace 63 

The Anil Gravity Spinal Brace 65 

The American Milwaukee Brace 66 

Support for the Cervical Spine 67 

3 Lower Back. Braces and Supports 68 

Polo Belt 71 

Elastic Abdominal Support 72 

The Hinged Lower Back Brace 74 

Tlie Williams Lumbosacral Flexion Back Brace 76 

4 Appliances for the Lower Extremities 

Manufacture of a Double Bar l«g Brace 
Manufacture of a Hessing Type Leg Brace 95 

Modifications of a Hessing Brace 101 


xm 





XIV Contents 

Chapter Page 

The Ischial Seat and Unweighbng of tlie Lower Exlremities 110 

Tlie “Sitzstocl^” (Ischial Seal Crutch) 112 

Unweighting Leather Strap Seat 114 

Spiral Bar Leg Brace 115 

Splints and Braces for Treatment of Congenital Dislocation of the Hip 121 
Splints and Braces for the Knee 127 

Drop Foot Braces 138 

Extension Braces for Excessi\e Shortening 143 

Club Foot Night Braces 146 

5 Foot Braces 151 

The Model for Foot Braces 156 

The Manufacture of Metal Plates 156 

The Manufacture of Celluloid Plates 160 

Fitting the Celluloid Plate 164 

The Manufacture of Fiberglass Foot Plates 164 

The Manufacture of Laminae Fool Plates 166 

6 Appliances fob ntE Upper Extremities 167 

The Abduebon Splint 169 

The Strapless Abduction Splint 172 

Braces for Recurrent Dislocation of the Shoulder Joint 173 

The Hessing Tj’pe Brace for the Arm 177 

The Cock Up Splint 182 

The Plastic Forearm Braces 183 

Hohmann Brace for Distal Radio Ulnar Articulation 183 

Splints for Emergency or Temporary Use 185 

The Use of \ ra^s iv the Fittinc of Orthopedic Appliances 189 

Index 195 


7 



ILLUSTRATIONS 


risure 

Frontispiece 1 

1. Plaster of Paris table for office use 4 

2. Plaster of Pans knife 5 

3. Sticker electric cast cutter 5 

4. Gigli saw 6 

5 Movable stand Avith three buckets 7 

6. Splint for cutting a plaster of Pans cast 9 

7. Plaster of Paris model for a spinal brace 13 

8. Tlie positive model for a spinal brace on the swivel table 18 

9. Tlie plaster of Paris shell 19 

10 Adhesions in knee joint change the position of the axis 22 

11. Application of Qiiengel cast hip sptca for flexion contracture 24 

12 Subluxation hinges for Quengel east 26 

13. Advanced hemophilic arthropatliy at right knee 27 

14. Patient, age 10, requires Quengel cast double hip spica 28 

IS Tlie positive model is prepared for a spinal brace 32 

16. Working drawing for the steel skeleton of a passive supporting spinal 

brace 33 

17. Old-fashioned spinal brace 33 

18. Demonstrates that traction (provided by a Chsson sling) is ineffective 

for correction of a deformity forming an obtuse angle 36 

19. The three-point system of forces applied to the spine 37 

20. Passive supporting spinal brace with bilateral lacing 39 

21. Passive supporting spinal brace with bilateral lacing and abdominal 

apron 40 

22. Passive supporting spinal brace with unilateral lacing 41 

23. Corrective action of unilateral lacing in a passive supporting spinal 

brace 41 

24. Passive supporting spinal brace for treatment of S-shaped scoliosis 42 

25. Passive supporting spinal brace 43 

26. Influence of pelvic inclination on the spine 43 

27. X-ray tracings 44 

28. Two visible forces are applied for correction of a scoliosis by the 

surgeon's hands 45 

29. Tlie introduction of the three-point sjstem in an active correcting 

spinal brace 47 

30. Active correcting spinal brace on patient with left lumbar scoliosis 48 

31. Active correcting spinal brace with perineal strap on the left 49 

32. Swivel table recommended for the building of spinal braces 50 

33. Steel skeleton of a passive supporting spinal brace 51 

34. Passive supporting spinal brace . . 54 

33. Molding leather is stretched over the model for an active correcting 

spinal brace . . . 56 

XV 



XVI Illusfrathns 

Figure Page 

36 Plaster of Paris mold for a celluloid night bed 58 

37 Fiberglass bed without head piece 59 

38 Fixed dorsal kyphosis of highest degree supported by a “flower pot- 

corset” 60 

39 Leather-cork corset (after Hohmann), suitable for a fixed k)phosco- 

liosis 61 

40 Kohmann s single lever and double lever corset 62 

41 The Jewett Hypcrextension Back Brace 63 

42 The Anti Gnvil) Spinal Brace 64 

43 The Anti Gravity Spinal Brace on a patient 64 

44 The American Milwaukee Brace 66 

45 Leather metal appliances for the cervical spine 67 

46 Fiberglass night brace for the cervical spine 67 

47 Tlie prmciple of a “closed chain (von Daeyer) 69 

48 Center of gravity and weight distribution m the upright standing 

position 70 

49 Weight stress transmission through the pelvic arch 71 

50 Tlie influence of an ellectne abdominal belt on posture 73 

51 Elastic abdominal belt after William J Kerr and John B Lagen 73 

52 Hinged low er back brace 74 

53 Williams Lumbosacral Flexion Back Brace 76 

54 Axes and plumb Ime of the lower extremity 79 

55 The axis of the knee joint of a leg bnce coincides with the natural 

axis of the kmee 80 

56 Bending pliers are frequently preferable to bending irons 82 

57 Measurements required for a leg brace 83 

58 Extension bars must be connected with loops 87 

59 Ring lock knee joint 87 

60 Working drawing ring Jock knee joint for double bar leg brace 88 

61 Modified ring lock knee joint 88 

62 Automatic nng lock knee joint 89 

63 European O I lock knee joint for double bar and Hessing type leg 

braces 90 

64 Swiss lock knee joint 91 

65 Working draw mg Hans von Bacyer’s lock knee joint 91 

66 Automatic lock knee joint for heavy leg braces 92 

67 Automatic lock knee joint 93 

68 Foot attachments for double bar leg braces 94 

69 Pabent seated m modeling fnme for plaster of Pans model of nght leg 93 

70 Cast bench used in building leg braces 96 

71 The steel skeleton for a Hessing type leg brace is traced on the model 97 

72 The reinforcement unit of the Hessing type leg brace is fitted on the 

model 93 

73 The molding leather is stretched over the model 98 

74 Hessing brace assembled for fitting longitudinal bars in place 99 

75 Knee joint for Hessmg brace 100 



Illustrations 


xvii 

rigure Pjgf 

76. Manufacture of a pair of hemophilia Ilessing braces 102 

77. Hemophilia Hessing brace for advanced hemophilic arthropath)’ 104 

78. Hemoplnha Ilessing brace with Lofstrand spring joints at knee 103 

79. Hessing-type long leg brace with “artificial quadriceps” 106 

SO. Schlecker knee joint with a series of three locks 107 

81. Working drawing illustrating Figure 80 107 

82. A long leg Hessing brace with Swiss knee lock; no ankle joint 108 

83. Construction details of “artificial quadriceps” 109 

84. Hessing-t)’pe long leg brace incorporating ischial strap seat and kmee 

lock wnth lever action 111 

83. Jointless double-bar ischial strap seal brace with “Patten” 112 

86. “Sitzstock” ischial seat crutch 113 

87. Ischial strap seat brace svith ring knee lock and “Patten” 115 

88. Modified ischial strap seat brace for partial unweighting of malum 

coxae senilis W'lth unilateral double lock (W. Tosberg) 116 

89. Spiral-bar low’er-Ieg brace for painful rigid pes piano valgus 118 

90. Spiral-bar lower-leg brace with ankle stop for paralj-tic valgus de- 

formity 119 

91. Spiral-bar leg brace for arthrosis of knee joint 120 

92. Frejka abduction pillow splint 121 

93. Freiberg splint for congenital dislocation of the hip 121 

94. Simple appliance for congenital dislocation of the hip 122 

93. Brace after Hohmann for the aftercare of congenital dislocation of 

the hip 123 

98. Spiral-bar hip and hinged low-er-back brac'e with gluteal strap 124 

97 Posterior flexible kmee splint and ACE bandage 128 

OS. Hemophilia emergenej' k-nee splint 129 

99. Pattern for flexible knee splint 130 

100. Manufacture of a leather-strip k-nee brace 131 

101. Leather-strip brace for the ankle and foot 136 

102. Hewitt-type elastic knee brace 137 

103. Heivitt-tj'pe elastic knee brace with one-piece foam rubber-padded 

tongue 138 

104. Simple celluloid drop foot night splint to maintain correction 139 

103. Diagram. Correction of rigid pes equinus 139 

106. Drop foot night brace 140 

107. Simple drop foot brace 141 

108. Posterior drop foot splint with calf band attached 141 

109. Von Baeyers drop foot walking appliance 141 

110. Hemophilia lower-leg brace for correction of residual eqmnus de- 

formity with Lofstrand spring joints at the ankle 142 

111. Worm gear on ankle joint of hemophilia Hessing brace 142 

112. Lower-leg brace for excessive shortening following osteomyelitis of 

femur . 143 

113. The five components of a club foot 147 

114 Lange-type celluloid club foot night brace 148 

115. Spitzy's active correcting fool plate for cliildren 153 



xvm 


Ilhistrations 


Figure Page 

116 The contour of a Whilimn type pHte is traced on the uncorrecled 

positive model 157 

117 Manufacture of a \Vliitman type foot plile 157 

118 Fitting the ^Vlutm'ln type plate 158 

119 Small worhhench for the office with the necessarj tools 158 

120 Three views of new combination foot plite 159 

121 Piaster of Pans model for a celluloid plate 161 

122 Metatarsal pad corresponds exactly to the excavation on the positive 

model 162 

123 Fiberglass metatarsal plate with and without lateral flange 165 

124 Leather metatarsal corset 166 

125 Great toe spring steel splint for hallux ngidus flexus 166 

126 Finger traps of galvanized wire hold forearm and hand m the desu-cd 

position when preparmg a mold 16S 

127 Worhmg draw mg of abduction splint 170 

128 Abduction splint for the right arm 171 

129 Strapless abduction splint for the arm 172 

130 Hohmann tvpe brace for recurrent dislocation of shoulder 174 

131 Cardboard bed for the treatment of obstetric paralysis (right arm) 175 

132 Combmation brace for day and night treatment of die ann in spast c 

hemiplegia 176 

133 Molding leather Hessing type brace for the forearm 178 

134 Fiberglass elbow brace with adjustable lock joint on lateral bar 179 

135 Fiberglass brace for upper extremity combining protective support 

wath attachments for corrective forces for elbow and wrist 180 

136 Molded leather forearm brace with sprmg attacliment for the thumb 181 

137 Molded leather brace for correction of flexion deformities of fingers 182 

138 Gutter splint for Volkmanns Ischemia 183 

139 Pattern for simple cock up splint 183 

140 Cock up splint for the wTist cut to the pattern shown in Figure 139 184 

141 Laminae forearm brace with Velcro straps 184 

142 Hohmann brace for recurrent subluxilion of distal radio ulnar artic 

ulation 185 

143 New hemophilia emergency splint for the elbow 186 

144 Self holdmg stainless steel baseball finger splint 187 

145 Self holding long finger splint willi hand plate 187 

146 "Trigger” finger splint 187 

147 \ ra) control of passive supporting spinal brace 189 

148 X ray control of active correcting spinal brace 190 

149 Congenital dislocation of hip 190 

150 X ray shows correct position of tlie fool in the brace for excessive 

shortening of the leg ilhistiated m Figure 112 191 

151 Slipped femoral capital epiphvsis 191 

152 X ray control of correct fitting of hemophilia Hessing brace 192 

153 \ ray check of patient age thirty wearing hemophilia Hessing brace 

with Swiss knee lock 193 

154 X ray check of patient age ei^leen in weight bearing position 193 



ORTHOPEDIC APPLIANCES 







Hill Orthopedic Co ), 1930 



Chapter 1 


PLASTER OF PARIS TECHNIQUE 


It-\STER OF Paris is used more frequently 
than anv other material in orthopedic surgery 
and m the treatment of fractures It might 
therefore be assumed tint its technique has 
become so routine to surgeons, particularly 
those in orthopedics as to render this chapter 
superfluous There are, ho\%e\er, many ways 
of apply ing a plaster of Pans cast and making 
a phster of Pans mold and these Nanations 
in technique bv no means ginranlte the high 
degree of satisfaction that can result from 
skillful use of this rewartling matenal Uni 
form success %vith plaster of Pans is a matter 
of personal expenence based upon extensne 
practice I often recall Hans 'on Bneyer’s 
caveat ‘Don't think that \ou know anything 
about the application of plaster of Pans until 
you have, with your ovvn hinds made at least 
two or three thousand phster casts for foot 
plates ” 

Since our text is not concerned with tlie 
general use of plaster of Pans in the treatment 
of fractures or as a means of fixation in ortho 
pedic surgery, this chapter will be restricted 
to the role of plaster of Pans in bracemakiog 
Tlie subject may accordmgly be divided into 
two categones representing its major func- 
tions 

The first has to do with plaster of Pans as a 
substantial part of an orthopedic appliance 
for time-limited use Here for example, we 
would include a plaster of Pans bed for tu 
berculosis of the spine, a plaster of Pans 
jacket for lower back pain or sacroiliac dis 
ease corrective and protective night splints 
for the wrist or the lower leg and foot, ap 
phances for reduced congenital dislocation of 
the hip, and splints or shells for post-opera 


tivc use in plastic surgery which demands 
dose cooperation between orthopedic surgeon 
and plastic surgeon in the preparation of 
such appliances prior to surgery 

Tlie second category refers to plaster of 
Pans for negative molds and positive models 
for orthopedic appliances 
Plaster of Fans is a white powder made 
from the mineral gypsum which is dehydrated 
calcium sulfate, possessing the chemical for 
miih CaS 04 211,0 ^VhlIe ancient history 
reveals the importance of gyqisum in the var 
lous fields of art, we find tlie Egyptians, 
under the Pharaohs, using it for fracture casts 
as early as 1200 B C We next hear of the 
Arabs recommending it for this purpose in 
1796, and by 1800 medical records indicate 
that, m Germany, plaster casts were being 
made with gypsum In Holland, half a cen 
tury later, Mathysen was using this material 
for plaster of Pans bandages 
The gypsum is crushed, pulverized, and 
subjected to a heat of approximately 250'’F in 
order to drive off tlie water of crystallization 
(about 21 per cent) Mixed with water, the 
powder undergoes a process of recry stalliza 
tion called "setting " Tlie two reactions may 
be expressed in a single chemical equahon 

2 (CaS 04 2H,0) (CaSO^la ILO-f-SHsO 

Gypnim Plaster Water 

of Paiu driven oS 

Plaster of Pans of good quality, is some 
what insen sit ive to hum idity and under proper 
c ondition s may be kept in definitely Tlie poor- 
er quality, however, is very sensitive to hu- 
midi^ and under improper condifaons will 
reciystallize, producing lumps of crystal which 
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Orthopedic Appliances 



Tic 1 (a) Plaster of Pans taWe for oDice use 

(b) Removable top of stainless steel may be used 
separateh when maling reinforcements 


will interfere witli the homogeneity of the 
bandage For consistently good results in 
plaster of Pans work, we must use a supenor 
quahta of white alabaster Although tins is 
e\pensi%e it avould be uneconomical to use 
an infenor grade, as failure to obtain a perfect 


nudd «al] lead to difficulties in brace construe 
tion and fitting which m the long run are 
much more costly than the initial outlay for 
high grade plaster Good quality orthopedic 
plaster must be at least 99 per cent pure gjp 
sum pure white m color and very finely 
ground so that it has a floury feel wlaen 
tubbed between the fingers The presence of 
grit suggests madequate milluig or gypsum 
crystals It must also have a uniform setting 
time The trade supplies plaster of Pans band 
ages labelled “extra fast fast and “slow “ 
willi setting time indicated on the wrapper 
Depending on the type of plaster initial set 
ting IS completed within two to twenty min 
iites 

Proper storage of plaster of Pans is of great 
importance The suppl) must be stored in 
air tight wrappings m a dry place outside the 
plaster room if possible Only the quantit) 
of plaster of Pans bandages necessary for im 
mediate use should be kept m the plaster 
room Olhoiavise humidity and heat or splash 
es of water from the plaster of Pans proce 
dure may alTect unused plaster Opinions dif 
fer widely as to the best type of plaster of 
Pans bandage I favor one containing an 
abundance of plaster of Pans powder of sii 
penor quality spread on a cheap kind of 
gauze loosely woven to insure a sufficient 
amount of plaster within the gauze and easy 
penetration of the whole bandage by the 
water I discourage the use of bandages made 
of ennofme as these contain starch glue or 
iunJar chexnjcab! whicli liave an undesirable 
influence on the handling of plaster of Pans 
bandages and whicIi slow down the processes 
of setting and drying Bandages must not be 
too tight or too loose they must be uniform 
ly rolled and penetrated with plaster 

Tlic work in the plaster room will he gnat 
ly facilitated if bandages are standardized as 
to length width and weight Tins will enable 
the orthopedic surgeon to determine in ad 
\ancc how many bandages he Wl need for u 
certain type of cast or mold thereby incrcas 
Jng tlic speed of the work and insuring a cer 
tain degree of uniformity Many ortliopedie 
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surgeons prefer using one size, such as a 5- 
inch bandage for all work On a large service, 
it may be nocessar) to Inve an ample siipplj 
of 5 and 6 inch bandages and a few 2-)nch 
and 10 inch Iniidagcs ready In any case, 
standardization of piaster room procedure is 
essential 

While plaster of Pans bandages form the 
mam supply of the plaster room, the following 
materials will also be frequently used loose 
plaster of Pans that is stored in air-tight con 
tamers and used for finishing appliances such 
as jackets and night splints, large plaster of 
Pans beds and shells, and occasionally for the 
immediate casting of a mold m a case of spe 
cial interest to the orthopedic surgeon, large 
sheets of gauze, nhite piano-maker fell, bur* 
lap, foam rubber, basswood and metal splints, 
gauze bandages, paper bandages, flannel 
bandages, and, last but not least, stockinette 
in various widths The Striker electnc cast 
cutter is excellent for cutting plaster of Pans 
negatives or molds If tins is not available, a 
Gigh saw will be helpful For some ap 
phances, various types of hinges and other 
hardware may be necessary, but these should 
be prepared for the individual case and need 
not be kept in stock 

A number of tools or instruments will be 
needed to trim and cut the plaster and to 
remove a cast The widely used Stille plaster 
cutter in its various modifications, duck bill, 
plaster spreader^ bandag e scissors of various 
sizes, knives, and a sharpener are usually 
found m every plaster room A few words ma> 
be Saul about certain tools, however, which 
are of special value in making good plaster 
molds 

1 A knife with a strong, thin blade (as 
used b) leather workers), with a rather thick 
handle designed to contain the major part of 
the blade and permit it to be pulled out to 
any desired length This type of knife is easv 
to sharpen with a few strokes on the oil 
stone It gives a straight, clean cut and facili 
tales the cutting of a plaster mold by small 
movements m a direction vertical to the cut, 
thereby wedging the cut edges and allowing 



Fig 2 Plaster of Pans knife Insert shows 
correct handling of knife in cutting a cast 

easy penetration into the deeper lajers with* 
out risking too deep a cut 

2 The ostiUatmg Striker electnc cast cut 
ter that permits a cast to be cut into any de- 
sired pattern so tint the component sectioiis 
may be lifted off the patient without wrench 
ing, levering or m any waj changing the posi- 



Fic 3 Strjker electnc cast cutter with vacuum 
attachment 
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tion of the part of the pntitnt under treat Pans crystals and lumps from rubber gloves 
ment than from the skin 

Where the Stryker electric cast cutter IS not Tlie following general principles apply to 
available, the Gigli saw may be used althou^ both plaster of Pans appliances and molds 
this instrument does not insure the same In order to guaratitte rapid and smooth work 
atraumatic handling of the patient Before sufficient assistance is necessary Tlie amount 
application of the cast the saw is placed on a of help required will vary according to the 
strip of thin fell and held in position by a type of svork NVlieii preparing a cast for a 
few turns of crepe paper or gauze bandage pair of foot plates the orthopedic surgeon 
Wien the cast is completely set handles are may work, with one other person preferabl) a 
attached to the protnulmg ends of the saw plaster room nurse \Vhen making a mold for 
and the cast is actually sawed apart a spinal brace to fit a paralytic scoliosis m a 

Finally, it must be mentioned that rubber patient with paralyzed legs it is essential to 
gloves should he worn for all plaster work, not have three or even four well trained assist 
simply to protect the surgeon s hands but ants or nurses Tlie surgeon and his assistant 
chiefly to insure greater smoothness of the must know in advance all the details of the 
cast It IS much easier to rinse plaster of procedure to be followed to insure the nec- 



Fic 4 (a) Bony prominences are landmarlcJ pitlely set (c) Tlie cast is marked die CirIi 

The Gith saw is pUceil on a strip of felt and saw cuts the cast m a strJit.ht line (d) Using 
held by a crept paper bandage (b) The foot is a gauze band ige. the mold is carefully closed 
held in die desired position until the cast is com 
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essary speed The technique should he stand 
ardized as mentioned above to determine the 
number and size of plaster of Pans bandages 
required 

The ork avill depend to a large extent on 
the proper condition of the bandage when 
handed to the surgeon Tlus important point 
IS frequently underestimated The quality of 
die cast IS impaired if the plaster is not ho 
mogeneous it can be homogeneous only if 
each bandage contains equal quantities of 
plaster of Pans and of water (of the same 
temperature) and is used at the same stage 
of settmg 


The setting time is also influenced by the 
temperature of the water with cold water 
used for slow and warm water for fast set 
ting I prefer water of IWF temperature 
A bucket of the size desenbed can hold sufR 
cient water for soaking approximately slx 
5 or 6 inch bandages As a nile two buckets 
should be used at the same time for soaking 
with a third bucket available for expressing 
superfluous water from the soaked bandages 
We use a stand that rolls easily on casters 
and contains two buckets placed at the height 
of an ordinaiy table and a third bucket that 
stands between the other two at a slightly 



Fig S (Left) Movable stand wth three buckets (Right) Correct I andbng of plaster 
of Fans bandages small arrows indicate the direction of the pressure when water is 
expressed 


In our procedure water for the bandages 
IS contained in large buckets holding approxi 
mately 8000 cc A paper bag (garbage can 
liner) is placed inside the bucket to catch an) 
loose plaster that would otherwise clot or cake 
at &e bottom of the pad and obstruct the 
pipes if the sink was not fitted with a special 
device for draining plaster A deep bucket 
IS necessary as the tune needed for penetra 
tion of the bandage by the water depends 
UDon the pressure of llie water If the cast is 
applied by a well trained team of workers 
fast setting plaster may be used to advantage 


lower level for expressing the water The 
plaster room nurse is instructed to change the 
water m each bucket after six bandages have 
been soaked 

The orthopedic surgeon must decide when 
the first bandage should be immersed After 
that the nurse proceeds to replace every 
bandage taken from a bucket with a new one 
until the previousl) determined number of 
bandages has been used or the surgeon gives 
other directions In the soakmg process the 
bandage is placed in the bucket on one end 
and dropped into the water where it slowly 



Orthopedic Ap/diances 


sinks to the bottom It must not be touched 
or kept m the hand until it is complete!) 
soaked and ready to be remosed from the 
water This will be the case when air bubbles 
cease to rise Wdien the bandage is to be re 
moved from the water, lioth hands are intro- 
duced into the pad with the finger tips touch- 
ing each other and the bandage is lifted out 
of the water u ithout pressure It is tlien held 
into the empty waste water bucket and the 
water is expressed by pressing both haKes 
of the bandage between the four extendetl 
fingers and the themr and, finally, by pressing 
both hands against each other in the longi 
tudinal axis of the bandage Exactly how 
much water should be expressed is a matter 
of experience and \aries from case to case I 
dislike any other method of expressing the 
water from the bandage, especially twisting 
and pulling manipulations, as these interfere 
with the smooth rapid unrolling of the band 
age and with its homogencit) After express 
mg a sufficient quantit) of water, tiie bandage 
IS read) for immediate use and is handed to 
the surgeon with an inch or two of the end 
rolled off so tint no time is lost searching for 
its beginning 

^Vhen applying the east, one must make 
sure that the plaster of Pans bandage is rolled 
on smoothly, rapidly, and continuously, with 
out any pulling motion as tins would cause 
undue constriction and disturb the homo 
geneity of the cast If high grade plaster of 
Pans is used under the proper conditions dis 
cussed aboxe, it will not be necessary to con 

bandage A large quantity of plaster of a 
cream like consistency will be available and a 
few strokes with the flat hand will suffice 
after several turns of the bandage have been 
applied, to produce a smootli plaster Tlie sur- 
geon must appi) the bandages according to a 
definite plan or svstem, avoiding weak spots in 
certain tjpes of casts, and preparing m ad 
vance for efficient removal of the cast 

These general principles for piaster of Pans 
technique appl) whenever the material is used 
The tecluiHjue varies according to whether 


one makes plaster of Pans appliances for time- 
limited use or plaster of Pans molds As I 
regard the use of plaster of Pans as such an 
important factor in brace construction, I pre- 
fer to focus in this chapter on the basic 
features of plaster of Pans winch, in my expe 
nence, deserve to be discussed in detail rather 
than scatter references to them throughout the 
text We can accompltsli this with a few 
practical examples 

THE MODEL FOR FOOT BRACES 
AND FOOT PLATES 

The model for foot braces and foot plates 
deserves special discussion The most fre 
quently used model m the manufacture of 
orthopedic appliances, it is one in which most 
mistakes are made These, with rare exccp 
tions, lead to complete failure of the foot 
plate and are partly responsible for the bad 
reputation of such appliances made to plaster 
casts The indications and prerequisites for 
the various types of foot plates and especiall) 
the two major groups we recommend will be 
discussed later in a special chapter on foot 
braces At this moment, we are concerned 
only with the procediue of taking an impres 
Sion and making a model for a foot brace 
Regardless of which type of brace is used, the 
plaster of Pans model will be the same 

Position of the Patient 

The patient sits on a table with the legs 
hanging down Tlie muscles should be com 
xelaxfld. va order to enable the surgeon 
to mold Uie foot into the correct position We 
must stress the point tliat our goal is a posi 
tive model of the foot in its correct position 
for weight bearing standing and walking 
and tint we have to avoid an impression 
which represents the deformity of the foot 
rather than the correction This cannot be 
achieved by tlic old method of placing the 
patients foot in a basin of plaster of Pans 
cream Tlic method described bj Rojal ^Vhll 
man for making a mold of the patient s foot 
for his t)pe of foot brace is a suitable procc 
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dure winch we ha\c used in many cases Our 
experience, however, based upon at least 
25,000 pairs of foot plates, confirms the tech 
nique described below as the best and sim 
plest method of obtaining a perfect model of 
the corrected foot for an) t)pe of foot brace 
we wish to use As a rule, plaster cists have 
to be made of both feet To simplify the de 
scription, however we shall discuss the pro 
cedure for one foot onl) For the less expe 
rienced, it is advisable to make the cast for 
one foot at a time, while an expert will be 
able to make the negative molds of both feet 
simultaneously wiUiout neglecbng important 
details of each foot 

Preparation of the Foot 

Certain landmarks have to be outlined on 
the foot wnth an indelible pencil which will 
transfer the marks to the negative and from 
there to the positive model of the foot We 
moisten the skin and outline the landmarks 
On the medial aspect or bbial border of the 
foot, we mark the first metatarsophalangeal 
joint, and the position of the scaphoid, espe 
cially if this is prominent, on tlie lateral aspect 
or fibular border of the foot, the fifth mela 
tarsophalangeal joint and tlie more or less 
promment tuberosity of the fifth metatarsal 
bone, on the sole of the foot, the head of the 
first metntarsal and, in case of mctatarsalgia, 
the plantar prominent heads of the second 
third and fourth metatarsal bones In addi 
tion, we mark points to be relieved from pres 
sure, such as plantar warts, painful callosities, 
and the projection of a spur of the os calcts or 
^ a painful bursa at this site 

To cut the cast, we use a special splint on 
the dorsum of the foot TIus is made in var 
lous lengtiis for adults and children It con- 
sists of a heavy strip of leather about an inch 
wide on which a thm flexible strip of metal, 
usually zinc, is held in place by two literal 
longitudinal strips of leatiier sewn to the basic 
leather strip Tins appliance ma) be used 
over and over again It is flexible, may be 
washed with soap and water, and provides for 
fast, straight cutting without nsk of injury to 


the skin The bulk, of this appliance does not 
interfere with the exactness of the model as 
wc are not interested, for this particular pur 
pose, in the dorsum of the foot 

Application of Plaster 

Wlien the landmarks are outlined, a 5 inch 
plaster of Pans bandage is immersed and 
soaked and the excess water is carefully ex 
pressed The bandage is then applied to the 
foot beginning at the ankle joint and running 
down to the toes To avoid constriction, it is 
applied rather loosely while, at the same time, 
plaster is massaged into the sole of the foot 
Special care must be taken to have a sufficient 
amount of plaster under the heel, frequently 
the weak point m this type of cist If the foot 
is small, we have sufficient bandage to en 
close the toes This facflitates casting the 
mold but it IS not essential It is more im 
portaot to get a correct and strong impression 
of those parts of the foot which will eventually 
be covered b) the brace As soon as the plas 
ter of Pans bandage is applied to the foot and 
the homogeneity of the cast insured hy rub 
bing the plaster and distributing it well over 
the entire surface, the sole of the patient s foot 
IS placed against a wooden board which is 
slightly larger than the sole TJie only pur 
pose of this procedure is to guarantee a good 
impression of the entire surface of the sole 
and not to take an impression under weight 
bearing ^Vh^le the plaster is setting rapidly, 
the foot IS held m the desired position 
^Vhile this position depends upon the type 
of deformity and the correction to be sup 
pbexl by the foot brace, some general remarks 
may be indicated Most significant for the 
cast as well as for tlie purpose of treatment 
IS tlie heel and its relation to the lower leg 
and the ankle joint We therefore have to 
mold our plaster carefully to the heel In 
correcting pes planus or pcs valgus, for ex 
ample, it is very important to support the dis 
til parts of the os calas and here the cast 
will need careful modeling by pressure with 
the operator’s thumb Moreover, it is impor- 
tant to keep in mind the type of shoe and par- 
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ticularly the height of the heel to he v om by 
the patient While preparing the cast the 
foot has to be placed m the correct degree of 
cqumus corresponding to the height of the 
heel If this is neglected, the foot brace will 
need additional correction at the time of fit 
bng m order to settle m the shoe Such a 
change m a finished foot plate maj nun the 
entire appliance 

Next, we have to consider the position of 
the metatarsal region of the foot and tlie toes 
It IS essential that the head of the first meta 
tarsal bone, the chief weight bearing point 
of the antenor foot, is in sufficient plantar 
flexion, in other words, the metatarsal region 
must be held in pronation and not, as is fre- 
quently seen, in supination In some cases we 
ha\e to model out a special metatarsal sup 
port at th** right place, but more important 
than tins metatarsal support is the compres 
Sion of a pes transverse planus in the trans 
verse direction at the metatarsal region There 
are indeed so many factors winch have to be 
considered in the short time necessary for the 
plaster to set that this procedure is difficult 
to describe m detail As we have said before. 
It IS a matter of experience, and sometimes 
even an expert will find himself obliged to 
discard a cast and make a new model because 
he has not been able to make the desired cor 
rection at the first attempt 
As soon as the plaster of Paris is set, which 
will take from three to fi>e minutes, it is cut 
with a strong knife in the trough of our spe 
cial splint It IS advisable not to cut the 
entire length of the cast but to leave a small 
bridge at the toes and then to remove the cast 
from the foot b'ke a shoe At this moment, it 
is important that the foot is completely re 
laxed and that the patient does not trj to help 
the operator remove the cast The cast is held 
together with a piece of gauze bandage or a 
rubber band and the patients name, the dale 
of fitting the tvpe of brace to be made, and 
any additional remarks for the man in the 
workshop are viTitten on the cast 


The Posttit e Model 

Tlie small mold of a foot will be sufficiently 
dry for further processing in about one hour 
Poorer qualit) plaster is frequently used for 
casting Particularly for foot plates, however, 
vve prefer the same quality of white alabaster 
as we use for mir general plaster work The 
negative mav be prepared by rubbing in tal 
cum powder, by rinsing tlie mold with soap 
and waiter, or bj giving it a thin coat of oil 
although these procedures are unnecessary 
unless we desire to bring out special details in 
an unusual case Tlie negative is closed by 
WTapping it in paper or gauze bandages and 
placed on the table with the heel resting on a 
wooden block or bridge to stabibze the model 
m an inclined plane A sufficient amount of 
cold, clean water to fill the negative (usually 
600 cc for one adult foot) is poured into a 
basin and plaster of Paris pow der is dropped 
into the water until some remains on the sur 
face, which indicates that the solution is sat 
urated In tins way, a homogeneous plaster 
of Pans cream wall be obtained This is now 
poured into the negative mold, very slowly 
and carefully, m order to give the air time to 
escape and to avoid air bubbles which would 
spoil the appearance of the positive model If 
a good quality of plaster is used and the 
cream is of proper consistency, the positive 
model will harden within a few hours As a 
rule, however, it is advisable to wait until the 
next day before proceeding with the model 

^Vhen the plaster of Paris in the mold is dry , 
the negative mold is cut along the line on the 
dorsum of the foot whidi has been used to 
remove the cast from the foot and an addi- 
tional vertical cut is made on the posterior as- 
pect of the heel It is then easy to remove the 
negative env elope m one piece 

The positive model so obtained should re 
quire no further correction It should repre 
sent the foot in the exact position of the de 
sired correction A faint trace of the land 
marks will show on the model and wall again 
be outlined with the indelible pencil before 
the mode! is handled 
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ind postenor to the major trochanter (e and f) The cast Js continued to flie axillae 
and carefiillj molded to the literal wall of the thonx (g) The ni,hl shoulder is in 
chided (Actmlly the cast ivouhl ilso coxer the left shoulder but this has been 
omittctl in this and the following lUustntions for the purpose of clanty ) (h) Tlie 



infra and supraclavicular regions must te well molded (i) The cast has been marl^ed 
and cut m the median hne and o\er the nght shoulder (k) The cast is removed the 
patient turns out of the cast (!) The model is closed by matching the marks at the 
cuts fro) T) e model is finished with two or three plaster of Pans bandages 
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tion of the plaster of Paris the pelvis should 
be Iionzontal When one leg is shorter than 
the other compensation must be accom 
phshed as far as possible by placing wooden 
boards of required thickaiess under flic shorter 
leg Atonic abdominal muscles or large 
amounts of abdominal fat may seriously in 
terfere with a correct mold It is therefore 
advisable to support a weak abdomen by 
strapping or nn elastic bandage before apply 
ing plaster of Pans 

When the surgeon is convinced that the 
patients position is correct he will outline 
certain landmarks for the model in indelible 
pencil On the lateral aspect of both thighs 
the le\el of the greater trochanter will be 
marked mth a honzontal line in front the 
anterior superior spine will be indicated natli 
a little square or circle about the size of a 
penny Both clavicles will be higliligbted with 
a double horizontal line to show the proper 
site for the mfraclavacular pad In the back 
other landmarks will include the postenor 
superior spines or the position of the sacro 
iliac joints the projection of the spinous proc 
esses at the site of a lesion the spmous process 
of the seventh cervical or the first dorsal ver 
tebra and in cases of scoliosis tlie du’ection 
of the intended corrective forces as deter 
mined bj x ray 

If these landmarks are well outlmed with 
mdelible pencil they will appear on the uega 
tive as well as on the positive model with suf 
ficient distinction even if a stockinette shirt 
•a ‘iViC: prfiwiA-a 5swr» ^3i» 

plaster Tlie landmarks must however be 
marked on the skin rather Ilian on the slock 
inette 

If a stockinette shirt is to be used it is 
put on with holes for both arms and should 
reach from Uie neck to the distal third of the 
thighs 

Von Baeyer* has introduced a verj simple 
and ingenious device to make the pelvis self 
modeling and we have used his technique for 
many years A flannel bandage about 1 inch 

•Ilans H tier von Baeyer late Professor of Otihopeic 
Surjten Umverstvoflle lelberg Gctinany 


Wide and 8 feet long is moistened and placed 
around the patients waist running over the 
iliac crest anteriorl) disappearing between 
the legs encircling both thighs and running 
forward in a horizontal line just below the 
trochanters Tlve bandage is closed in front 
in the midlinc of the body with a safety pm or 
it IS knotted and the ends are held by the 
assistant who is sittmg in front of the patient 
This auvilnry strap if properlj plac^ out 
lines the ihac crest and the trochanter of both 
sides exactly in the same way as the pelvic 
frame of the brace It assures the proper 
position of the plaster of Pans bandages with 
out distorting the settmg cast and without 
wasting time for additional molding 
The patient is now ready for application of 
the cast The predetermined number of plas 
ter of Paris bandages and splints made of 
6 inch bandages are laid out to be handled 
by two nurses Both nurses prepare splint 
after splint at top speed for the cast while one 
assistant handles the bandages to be rolled 
over the splmts Approximately twelve to 
twenty 6 inch bandages are required for tlie 
average adult Again the correct position of 
the patient is confirmed He may grip the two 
uprights of the frame with his hands and hold 
his anns abducted at a right angle in the 
shoulder joints keeping the elbows comfort 
ably flexed One assistant sits on a low stool 
in front of the patient holding the ends of the 
self modelmg pelvic strap lie will be chiefly 
responsible for maintenance of the patients 
YWwJww. and 

for stabilization of the pelvis during the pclv ic 
part of the work A second assistant will act 
as partner to the surgeon m applying and 
molding the wet plaster to tlie body Tlie 
splints start below tlie trochanter and grad 
uallj move upward until a cast of sufficient 
thidcness is obtained from the trochanter 
level to the lumbar region lliat is three to 
five inches proximal to tlie iliac crest Vflien 
this level is reached a short intermission is 
necessary to allow for setting of the pelvic 
part of the cast As soon as the plaster he 
gins to set the assistant sitting in front of the 
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patient holding the pelvic strap and stabil 
izing the pehis transfers his hands to the 
region of the trochanters and presses the cast 
careful!) to the trochanters axotding impres 
sions of the finger tips A fairl) deep depres 
sion rnust result just posterior and superior to 
the trochanters Tlie second assistant or the 
surgeon standing behind the patient tales 
care of the exact modeling of the plaster of 
Paris to the iliac crest the anterior superior 
spine and the lumbosacral region It is neces 
sary to obtain an exact impression of the pos 
tenor aspect of the lumbosacral region m 
addition to the well defined iliac crests which 
are determined by von Baeyers pehic strap 
A fast setting plaster of Pans is used with 
fairly \sarm water It \m 11 take only a few 
minutes for the pelvic part of the cast to be 
sufficiently hard to keep its form It is then 
time to resume application of plaster of Pans 
splints up to the axilla At this stage the 
amount of traction suspension may have to be 
controlled or increased 
^Vhen the plaster Ins reached the level 
of the axilla we come to the shoulder region 
which IS the most difficult part of the cast 
At this point we have to change the position 
of the patients arms and secure a perfect 
impression of the clavicular portion of the 
tliorax without losing the very important im 
pression of the lateral w all of the thorax just 
below the axilla At the same time the patient 
will begin to suffer from traction suspension 
if this IS used and there is frequently a con 
siderable degree of nervous tension in the 
plaster room Tlie assistant who has vvorled 
m front of the patient throughout the entire 
procedure places his hands flat on the tho 
racic wall just below the axilla to obtain a 
well defined impression of this region The 
patients arms are lowered until the shoulders 
are in natural position Drawn up shoulders 
should be carefully avoided Tlie clavicles 
must be approximate!) horizontal Plaster of 
Pans splints are now placed over the shoiil 
ders following a course similar to the dircc 
tion that suspenders might taVe Quick work 
IS essential to achieve a homogeneous cast 


and complete union of the shoulder timis with 
the horizontal turns which encircle the thorax 
lip to the axilla Tlic plaster must be rubbed 
in carefully, particular!) in front as it fre 
quently happens that the completed negative 
breaks or separates in lavers just below the 
clavicles thcreb) spoiling this important land 
mirk for the proper location of the infraclav 
lailar pressure pads (for the passive support 
mg spinal brace ) hen the cast is completed 

the surgeon or the second assistant will model 
tlie plaster of Pans carefully to the supra and 
infraclavicularspaces the infraclavicular space 
being of greater importance 

Three or four minutes after the last band 
age has been applied traction suspension may 
be terminated without danger to the model 
and the patient may be placed on a stretcJier 
l)ing on his hack Naturall) the patient must 
be completely passive and relaxed when 
shifted from the vertical to the horizontal po 
sition Placed on his back he has ample time 
to recover from the considerable strain he has 
endured even under moderate traction sus 
pension 

As soon as the cast is set to such an extent 
that it cannot change its form we prepare to 
remove it Tlie mold has to be cut in the 
midline of the body m front and on the dor 
sum of one shoulder about an inch anterior to 
the frontal plane of the body To close the 
mold m the correct position transverse Imes 
are drawn with indelible pencil across the 
two cutting lines To secure the utmost com 
fort for the patient, we have introduced the 
test on the stretcher for the final setting of 
the cast and the cuttmg instead of keeping 
the patient in the upright position throughout 
the entire procedure After the cast is cut 
with the Stryker electric cast cutter tlie edges 
will spread If the cast has not dried suffi 
ciently to be removed at once we hold it m 
place by means of a few turns of a gauze or 
flannel bandage especially around the waist 
As soon as the cast is dry the patient is 
returned to the vertical position If he is 
paralyzed and unable to stand on his legs he 
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IS again placed in the suspension frame The 
gauze or flannel bandage is cut 
To separate the cast from the bodj the flat 
hand is cnrcfiilly inserted between cast and 
body or behveen stockinette and body if a 
stockinette shirt lias been used The pelvic 
strap has been previously cut together with 
the cast The patient is then told how to co 
operate when the cast is removed First the 
arm on tlie side of the cut over the shoulder 
IS raised out of the cast then the body cast 
is turned around its longitudinal axis until 
the opening m front is situated on the side 
of tile patient where the arm is raised Tlie 
cast IS then drawn away from the patient who 
pulls the other arm out of the armhole of the 
cast Immediately after the cast is removetl 
from the patient it is returned to its original 
position by joining the cut edges according to 
the indelible pencil lines in the front and at 
the shoulder and closed by means of plaster 
bandages which have been prepared by the 
plaster room nurse Tinnlly the stockinette 
shirt IS taken out of the cast and the cast is 
removed to a dry place foe complete setting 
\Vlien the negative mold for a spinal brace 
has siifflciently hardened to retain its shape in 
every detail it is sent to the plaster room of 
the workshop for casting For this type of 
cast which requires large amounts of plaster 
a poorer quality plaster such as gray plaster 
of Paris may be used If economy is desired 
the center of the body cast ma) be filled with 
a wooden or steel core or with other mate 
rials such as small pieces of crushed dis 
carded models The landmarks which should 
be clearly visible on the entire surface of tlie 
mold are reinforced with indelible pencil in 
order to guarantee an exact copy on the posi 
tive models It is important to place the mold 
correcti) on a sturd) table with an even sur 
face A spirit level may be used to advaii 
tage to control the horizontal position of the 
pelvis from the very beginning If necessary 
the distal edges of the cast may be trimmed 
for this purpose Tlie form is then filled w ith 
the necessary amount of plaster of Pans cream 
and left alone until the positive jnodeJ is 


completely dry The negative mold is then 
removed by cutting along the Imes of the 
previous cuts supplemented if necessary by 
additional incisions 

A properly made cast renders correction 
of the model almost superfluous Only the 
iliac crests must be exaggerated with a chisel 
to secure the proper slant for this section of 
the pelvic frame In eases of marked deform 
ities the model may be further shaped To 
increase the pressure of the brace on a prom 
inent part of the thoracic wall m a severe sco- 
liosis plaster of Pans has to he removed with 



Fic 8 The positive mode! for a spinal brace 
on the swavel table 

the aid of a drawknife The few corrections 
which are permitted on the positive model 
should be made by the ortliopedic surgeon or 
at least under his immediate supervision Too 
much coirection of the model is worse than 
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too little After the model is finished with a 
little plaster of Pans cream or with sand 
paper, the landmarks are again reinforced 
with indelible pencil and tlic model is rc 
moved to the brace shop for construction of 
the brace 

A PLASTER or PARIS MODEL FOR A 
CELLULOID OR FIBERGLASS 
APPLIANCE FOR THE BACK 

A plaster of Pans model for a celluloid or 
fiberglass appliance for tlie back used to im 
mobilize the spine m a recumbent position in 
the treatment of spinal injunes and diseases 
IS made m much the same w ay as the plaster 
of Paris shell for the hack which toda) is 
rarely used The technique for making this 
appliance aanes slightly m accordance with 
the outline required for the individual case 
In some instances, the site of the lesion de 
mands that the model be made with a head 
piece, while m others a support for the thighs 
or both legs must be included Further varia 
tions m technique are related to the finishing 
of tire appliance For some cases the model 
may be converted mto a plaster of Pans bed 
and completed immediate!) with a mmimum 
of labor at the brace shop Other cases de 
manding the use of a plaster of Pans bed over 
a longer period of time will require an ap 
pliance w ith a removable and \vashable lining 
While many features must be considered for 
the individual case, I sliall outline the proce 
dure for making a plaster of Pans model for 
an appliance for a lumbodorsil lesion of the 
spine 

Position of the Patient 

The patient lies on his abdomen upon a 
solid table The pelvis and the proximal end 
of the sternum are supported by large sand 
bags This is essential to obtain a certain de- 
gree of flexion at the hip joints and to correct, 
as far as possible the kyphosis of the spine, 
wliile attempting to bnng the entire spine, the 
buttocks, and the head, if this should be m 
eluded, into the same horizontal plane The 
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Tic 0 The plaster of Pans shell (a) Position 
of patient (b) Contour of plaster cast and 
position of felt pads (c) Placement of plaster 
of Pans turns and reinforcements in the lanous 
layers 

arms are abducted 90° at the shoulder joints 
to rest m the frontal plane of the body, or 
sligliti) ventral to it A small pillow or sand 
bag under the forehead guarantees quiet 
breathing without the necessity for turning 
the head to one side Gentle traction may be 
applied to the legs and the head to insure a 
straight position Pillows and sandbags are 
not necessary, however, if a modem fracture 
table IS available with its many adjustments 
for the position of the patient Tlie technique 
differs, of course, if the appliance is intended 
to correct an asymmetrical deformity, such as 
a scoliosis 

Preparation of the Back 

If stockinette is to be used, a stockinette 
shirt with holes for the arms is put on the 
patient before he is placed on the table His 
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Inir IS coverctl with a cap, such as is used in 
the operating room, or with a piece of stock 
mette If there is a large amount of axillary 
hair, this should bo shaved or, in rare in- 
stances, covered with vaseline, although I 
generally oppose the use of any greasy sub 
stance m connection with plaster work A 
strip of white felt, 1 or 2 inches wide, and 
Vi inch thick, IS glued to tlie skin along die 
entire length of the spine, covering the spinous 
processes For a very tlun patient, it may be 
necessar) to place additional squares of felt 
over the sacrum and possibly over the seap 
ulae The patient is then ready for application 
of the plaster 

Applhalion oj the Vlaster of Pans 

Various modifications of plaster of Pans 
technique may bo used when one is making a 
plaster model The method selected depends, 
to a largo extent, on the patient’s size and 
condition, and on the indications lor the final 
appliance Tlie plaster of Pans model may 
be made from single bandages of various sizes 
Tliese may be reinforced by “splints" or “re 
mforcements,” made from plaster of Pans 
bandages, or tlie entire model may be made 
in one piece from a large plaster of Pans sheet 
prepared from gauze and other materials 
soaked in plaster of Paris cream The latter 
technique requires better team work and 
greater experience in piaster of Pans ivork 
It has the advantage of being more rapid and 
may therefore be used for very young patients 
vv'ho are dilRcull to "keep in the prone position 
until the plaster of Pans model is finished 
The standard procedure, however, makes use 
of e-inch plaster of Pans bandages, supple- 
mented by 10 inch bandages, and reinforced 
by splints and, finally, by plaster of Pans 
“ledges” 

For a plaster of Pans model, a large num- 
ber of bandages vv ill be used v\ illi the patient’s 
size determining the exact number This wdl 
include six to fifteen 6 inch bandages and 
five 10 inch bandages The preparation of a 
homogeneous cast calls for expert technique 
on the part of the plaster room nurse As men- 


tioned earlier, a movable stand with water 
buckets is highly efficient After six bandages 
have been soaked m each bucket, the wafer is 
changed Fairly fast seftmg js required as 
little modelmg js necessary In addition to 
the plaster room nurse, at least two assistants 
should be available, one to assist the surgeon 
apply and unroll the bandages, the other to 
nib m and mold the plaster Two bandages 
at a time are immersed in the water and the 
excess water is expressed into the waste water 
bucket, as desenbed on pages 7 8 The sur 
geon and his assistant stand at opposite sides 
of the table at the level of the patient's peUns 
The bandages are rolled off, back and forth, 
m a transverse direction, begummg at the 
trochanter of one side and ending at the tro 
chanter of the opposite side It is important 
that the bandages cover the entire body from 
the surface of the table on one side to the 
surface of the table on the opposite side in 
order to secure a high border for the ap 
pluncc Tlie lateral borders or walls of the 
appliance are of great importance and must 
be quite strong m cases where a correction in 
the frontal plane of the body is desired 
About four layers of bandages are requued in 
the horizontal direction as a basis for the 
shell In unrolling one bandage after another, 
the body is gradually covered up to the shoul 
ders By the time the region of the axilla is 
reached, the plaster at the pelvis will have 
begun to harden At this stage, the other 
assistant will have to maintain constant, equal 
pressure with the flat of both hands (not vvifh 
the tips of the fingers) on the lateral aspects 
of the pelvis to mold the plaster well over 
the trochanter and the iliac crest \Vhen the 
entire back is covered up to the axillae with 
about four layers of plaster of Pans bandages, 
the assistant will exert pressure vvitli both 
hands against the lateral wall of the thorax, 
well up to the axillae Tlie surgeon will then 
proceed to cover the neck and the cranial 
aspect of the shoulders in a similar manner 
For the latter purpose, the bandages will be 
unrolled in a V-shaped system of layers cov- 
enng both shoulders down to the clavncle 
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with the point of the V at the spine, similtr 
to the appearance of the V neck of a eater 
^Vhl1e one assistant holds the cast in the axil 
lae, the second assistant models the plaster of 
Pans o\er the shoulders In tins model, with 
out a head piece, the cut out for the neck will 
be well rounded, leaving sufficient freedom 
for the cervical spine so that a small pillow 
may later be placed under the head The 
entire procedure up to this point is accom 
pbshed in almost less time than it takes to read 
this descnption, and the plaster will cover the 
whole bodj at an earl) stage of settmg per 
mittmg homogeneous union with each succes 
sive layer The honzontal or transverse lay 
ers will then be remforced by longitudmal or 
vertical la) ers that run through the entire 
length of the cast and are carefully molded 
over the shoulders do^vn to the table but 
which leave, at the same time sufficient space 
at the distal end where the cast will have 
to be trimmed for the use of a bed pan 
For a large plaster of Pans model, “splints’* 
or “strengtheners" \vill be used, which will 
have been prepared in advance to be avad 
able to the surgeon as soon as tlie transverse 
or honzontal layers have been placed A 
‘ strengtbener,” made of a 6 mch band 
age, is applied fairly moist Placing of the 
"strengthener” is a matter of experience and 
depends largely on the purpose of the model 
Generally, it is important to remforce the 
edges of the model particularly the two lat 
end borders at the distal end As soon as a 
number of “strengtheners” (nonnally four to 
sue) have been applied and are thoroughly 
united with tlie first horizontal la)ers by 
painstakmg modeling and massigmg the cast 
IS finished with a thin, external layer of hon 
zontal or transverse turns It may then be 
advisable to reinforce the model further b) 
means of “ledges” made of single plaster of 
Pans bandages The best wa) to make these 
IS to drop a soaked and prepared bandage to 
the floor, holding one end up and then pulling 
up strips of equal length and winding them 
together untd a plaster of Paris stnp as thick 
as the thumb and of the desired length is 


obtained This is easily molded mto the tn 
angular "ledge” or crest which is to reinforce 
the model \\Tii!e this model is setting, a Iittl^* 
plaster cream mav bo spread over its entire; 
surface to give it a smooth appearance It 
then remains m place until it is completelj 
set Not until this point may the pressure b^ 
released from the sides or lateral borders of 
the model Finall), the model may be re 
moved This is accomplished by lifting it 
carefully at botli ends at the same time * 111 ^ 
stockinette shirt (if used) is tlien cut 

THE QUENGEL CAST 
The Quengel cast is an excellent example 
of cooperation between orthopedic surgeon 
and bracemaker m the plaster room \VhiI^ 
the surgeon applies tlie cast the bracemakeh 
furnishes the hardware consisting of simply 
hmges, subluxation hinges and aluminuui 
posts which are needed to introduce tlie cor 
rectiv-e forces of the Quengel 

Tlie Quengel method w-as first outlmed b) 
F Mommsen in 1922 m a paper entitled, ‘Die 
Dauerwirkung klemer Krafle bei der Kontrak 
turbehaadlung (Quengelmethodc)" ^“Contin 
uous Action of Small Forces in the Treatment 
of Contractures”) It was oEered as a method 
of correchng a contracture over a long period 
of time, using subliminal forces which act un 
interruptedly but which are not so pronounced 
as to cause pain and muscle spasm ’The chief 
ohsftrcfe to the correcCron of contracftire:.' coo 
sists in reflex spasm of the muscles involved 
'This may be overcome by the use of general 
'ineslhesia for forceful breakmg or gentle 
stretching of adhesions Quick breakmg of 
adhesions is not only dangerous for poor risk 
patients and impossible with hemophilia, but 
the method also contains the seeds of the very 
condition it seeks to correct Almost without 
eicepbon, gentle manipulation under anesthe 
sia has become a lost art 
On flic other hand, if the limb being treated 
IS immobilized in a well molded plaster of 
Paris cast to eliminate undue play and if a 
correchve force acts uninterruptedly at the 
Ti^t place and in the right direction, flie con 
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tracture will gradually give way and the soft 
tissue structures uhicli constitute the con 
tracture of a joint will rearrange themselves 
according to the desired position 
When planning the Quengel treatment, the 
contracture or deformity being treated has to 
be thoroughly analyzed to find out the me 
chanical problem presented by eadi indi 
vidinl case It is most important to deter 
mine the location of the axis around which 
the movement of the joint will have to take 
place and the interrelationship of the forces 
to be applied at this axis In calculating the 
extent of the problem not only the natural 
axis of tlie joint and the position of the arti 
ciilar space must be considered but also the 
fact that in contractures and fibrous anky 
loses adhesions vwthm the joint will change 
the mechanical relations of axis and levers 
once correction is attempted For instance 
m correcting a flexion deformity of die knee 
joint m which adhesions have formed the 
lower leg will not rotate around the natural 
axis at the knee joint situated at the level of 


die femoral epicondyles but around an axis 
within the articular space (von Baeycr) More 
over m treatmg the flexion contracture of a 
knee joint vve have to realize that we are 
dealing not only with a simple flexion de 
formity but also with a posterior displace 
ment or subluxation of the tibia m its rela 
tion to the longitudinal axis of the femur To 
straighten the knee joint without prior de 
termination of the axis around which the 
movements occur means that vve may cor 
reel the flexion deformity but at the same 
time we increase a subluxation at the tibia 
thus adding a second deformity to the one 
already present 

Mommsen originated the use of a “Quen 
gel” as the best means of applying a sub 
Uminal force The so-called Quengel is a 
short stick or toggle used for winding or 
twisting two cords thereby gradually shorten 
ing their length This Quengel has been 
most satisfactorily used in the treatment of 
contractures and deformities clue to infantile 
paralysis m an era when surgery was not as 




Tic 10 Adhesions in the knee pant change the position of the axis for flexion and 
extension nsk of subluxabon of tibia 
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freely employed as it js today. Personal ex- 
perience with the Quengel method and its 
modifications since 1922 suggested its adapta 
tjon for the treatment of deformities ami con- 
tractures in hemophilic arthropathies m 1946 
After application of 120 Quengel casts m the 
treatment of hemophilia patients, I slUl con 
sider the Quengel tlie simplest and most effec- 
tive method and the one permitting closest 
control of corrective treatment 

The principle of the Quengel method is 
applicable to flexion contractures of upper 
and lower extremities, and tlie plaster of Pans 
technique is much the same for all arbcula- 
tions lending themselves to this method It 
IS most frequently used for tlie knee joint in 
cases vvitli flexion contractures of as much as 
90®, with or without posterior subUixalion of 
the tibia The Quengel cast is not indicated 
if the flexion contracture amounts to less tlian 
30® (AGE 150®) 

Properly applied, the Quengel method guar 
antees results that almost defy belief, even in 
cases of marked and long standing deformi- 
ties To describe the technique for applica 
tion of a Quengel cast, we will follow the 
procedure used in the case of a fifteen year- 
old hemophilia patient requirmg application 
of a Quengel plaster of Paris hip spica for 
correebon of a flexion deformity of the left 
knee with restriction of extension to 140® 
and a very marked posterior subluxation of 
the tibia 

Prepared for treatment, the patient is placed 
on a table with pelvic rests, m this case on a 
Roger Anderson fracture table, with both feet 
attached to tlie foot section of the table m 
the usual manner A stockinette left hip spica 
IS used to protect the skin and to hold the 
padding at the open ends of the cast Every 
attempt is made to support the patient at all 
I>omts m the most comfortable manner by 
rubber pads to keep him relaxed vvlule the 
cast IS being applied All preparations for 
padding and casbng, as well as for incorpora- 
tion of hardware, are made pnor to the start 
of the procedure to shorten the patients time 
on the fracture table Tlie fastest setting plas 


ter of Pans (Iwx) to fourmmutes) is used and, 
as far as possible, applied in splints 
Tlie Quengel cast is applied in two sections 
the hip spica extending from the lower thoi^v 
aperture to the kaiee joint and the below the- 
loicc section, including lower-leg, anUe, and 
foot When applying the plaster of Pans, the 
kaice joint is held m a painless position with- 
out trymg to correct any part of the deform 
ity Paddmg is applied from the thoracic cage 
down to the ankle, while paddmg for the foot 
section has to be postponed until the foot can 
be released from the straps holding it to the 
fracture table Dunng the procedure, points 
of maximum pressure, such as the dorsum of 
the thigh from patella to the grom and the 
entire posterior aspect of the lower leg, are 
padded with foam rubber Tins is covered 
with turns of sheet wadding Ample sheet 
wadding must be used on the lateral aspects 
of the femoral condy les and particularly over 
tlie head of the fibula A ‘ dinner pad,” which 
IS a small sheet or two towels folded together, 
IS placed under the slockinelte m the abdom- 
inal midline, to be withdrawn later for greater 
comfort whenever the patient eats ^Vhen the 
padding is completed and held m place hy 
turns of crepe paper bandages the cast is 
applied from the lower nbs down to the knee 
and, at the same time, from the knee to the 
ankle, leaving a small gap between the twxj 
casts at the knee joint As soon as the cast is 
the subluxation hinges are fitted ty the 
bracemaker These hmges are specially dc 
signed to permit simultaneous correction of 
the posterior subluxation of tlie tibia by 
tightening two wmg nuts on either side of 
the knee, wlule the Quengel itself works to 
straighten the flexion contracture 
Proper placement of hinges is of the great 
est importance for the desired result First 
of all, there must be neither shearing forces 
nor incongruence between the hardware am} 
the anatomical axis around which the correo. 
tive movement occurs If simple hinges are 
used instead of subluxation hinges, as is 
permissible in cases where the subluxation 15 
of minor imjxirtance or of very small degree, 
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inper binchgcs (d) ll-istcr of Pms hip spici is ipphcd to left lower extremil\ in 
eluding foot SnhluMtlon hmgts md post for Qucngel art seen on right log section of 
fnctiire t-ihlc (c) SuWwxntion lunges ire cirrfulty fitted to correct x\is position (f) 
Subluxnlion hinges ire intorporaled into enst (g) Tlie post for the Qnengel is incor 
tiorited on donum of left kme (h) Qucngel m iction 
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One can obtain some distraction at the knee 
joint and anterior shift of the tibia during 
extension of the knee by placing the hinges 
slightly anterior and distal to the anatomical 
knee joint axis which is at the level of the 
internal and external epicondyles of the femur 
In the else under discussion subluxation 
hinges avere used The proximal joints of 
these hinges are placed exactly at the axis of 
knee joint motion that is at tlio level of the 
internal and external epicondyles which are 
palpable through the padding It is necessary 
to mark these two points for the proximal 
joints of the hinges on the cast xvith indelible 
pencil To obfaiu correct placement of the 
hardware it is useful to use a tape measure 
to make sure that the thigh sections of the 
two metal hinges are at the same distance 
y from the dorsal midline In very difficult 
cases it IS advisable to determine with a lal 
eral x raj film the correct site for tlie lunge 
using metal tliumb tacks on either side of the 
cast Tlie distal joint of the subluxation hinge 
IS used to bring the tibia forxvard xxhfle the 
knee IS being extended The wing nut screxvs 
are opened to give the maximum distance 
between the distal hinge of the appliance and 
the wing nut Holding the hinge m this post 
tion the lower leg section of the hardware is 
placed m the long axis of the tibia and marked 


off on the cast with indelible pencil again 
using a tape measure to insure equal distance 
from the dorsal midJine for both hinges Tlie 
hinges must be parallel to each other to work 
in exactly the same plane Using bending 
irons to adjust the thigh and lower leg sec> 
tions to conform to tlie contour of the cast 
care must be taken to have sufficient space 
between the hinges and the knee and to keep 
the hinges parallel in the sagittal plane This 
can be accomplished by placing some plaster 
of Pans between the metal and the already 
rigid cast when incorporating the hinges by 
turns of phster of Pans bandages Once the 
location of the subluxihon hinges in relation 
to the cast and to the Imee joint is established 
the most difficult phase of ipphcntion of a 
Quengel cast has been accomplished 
As soon as the hinges are secure the alum 
uium post to which the Quengcl will be at 
tached is incorporated in tlie dorsal midline 
above the knee with the length of the post 
corresponding to the length of the leg below 
the knee This means tliat a circle drawn 
around the center of the proximal hinge of 
die hardwire would go through the heel of 
the foot is well as through the end of the 
iluminum post WTien idding the aluminum 
post to the dorsum of the thigh section of 
the hip spici it IS advisable to place a few 



Tic 13 Advanced hemophilic arthropathy at right knee with typical deformity of 
patella and witli poslenor subluxation of hbia (a) Lateral x ray film with knee in 
maximum extension pnor to correction (b) Quengel cast with subluxation hinges at 
the kmee in action (c) X ray control of progress of correcbon in Quengel cast (d) 
Maintenance cast applied after partial correction was obtained 
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Fig 14 Patient age 10 requires Quengel cast double hip spica for simultaneous cor 
rection of ficKion contractures at ngbt and left knee in the presence of moderate hemo 
phihc arthropathies No need for subliuation hinges 


turns of plaster of Pans bandages around the 
proximal end of the post to insure better 
contact and more rigid incorporation into the 
already ngid hip spica 
Before the foot is released from the fracture 
table all sections of tlie cast must be properly 
supported to eliminate premature extension 
of the knee joint by gravity The foot and 
ankle section is padded in exactly the same 
manner as tlie rest of the cast using a foam 
rubber pad on the postenor aspect of the 
heel and throughout the sole of the fool 
reaching slightly beyond the toes After the 
padding is completed and held in place by 
crepe paper bandages the cast is hnisbed by 
adding the foot section with the ankle held 
/ at approximately 90® 

The stockinette at the proximal margin of 
the hip spica and at the toes is turned doxvn 
and held in place with a few turns of plaster 
of Pans The cast is now complete 

After It IS entirely rigid a cord is placed 
around the heel section of the cast and con 
nected to one of the holes drilled into the dis 
tal end of the aluminum post Tlie type of 
cord used on window shades or \enetian 
blinds IS most suitable for this purpose The 
cord IS secured around the center of the heel 


section of the cast by a few turns of adhesive 
tape fastened onto itself to keep the cord 
from sliding The cord is tied to the post 
without undue tension Correction starts by 
turning tbe wing nuts of the subluxation 
hinges at either side of the knee as tolerated 
Once the initial setting has been made it 
IS usually possible to turn the wing nuts one 
full turn each day securing their position by 
small strips of adhesive tape About twenty 
four liours after correction of the posterior 
subluxation of the tibia has been started the 
Ouengel or short stick is placed between the 
cords close to the distal end of the alamuuim 
post One or two tongue depressors are suit 
able for this purpose By tummg the short 
stick or Quengel once in twenty four hours 
for one half or even for a full turn as toler 
aled correction of the flexion contracture is 
accomplished Tlie tongue depressor is se 
cured in place by strips of adhesive tape on 
the aluminum post as well as at tlie cord 
Starting correction of the deformity by 
turning the wing nuts of tlie subluxation 
hinges and by tightening the cord with the 
Quengel tongue depressor one must keep in 
rnmd that we are trying to correct a contrac 
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hire the slow way bj introducing subliminal 
forces only It would be easy to turn the 
Quengel more than once a day and patients, 
frequently impatient, try to speed up correc 
tion by interfering with the carefully planned 
timing Tlie cords of the Quengel should 
alwa)s appear quite relaxed This is difficult 
to convey to most patients, nurses, and doc 
tors Tliey should ne\er be as taut as the 
strings of a violin Although the cords are as 
relaxed as a sail on a sail boat when no wmd 
IS blowing they nevertlieless accomplish the 


correction almost miraculously without caus 
ing pain, discomfort, or the nsk of a hem 
orrhage in a hemophilia patient This slow 
correction permits all soft tissues involved 
such as the vessels and nerves in the poplit 
cal region of the knee joint, to adjust them 
selves gradually to the changing position If 
the correction with Quengel and subluxation 
hinges IS properly timed, there will be no set 
back If the sjaeed of correction is greater 
than the patient can tolerate there will be a 
setback with valuable time lost 
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Among tiie orthopedic appliances roulmely 
manufactured m an acti'e brace shop, a large 
proportion is designed for treatment of path 
ological conditions of the spine and merit spe- 
cial attention for several reasons First, they 
are some of the most frequently prescribed 
orthopedic appliances, and the reputation of 
a brace shop uill depend, to a large extent, 
on the quality of the spinal brace which 
It produces Second, building an effective 
spinal brace constitutes a difficult mechani 
cal problem, demanding intuition construe 
tivo thought, and careful appraisal of the 
requirements of the individual case Tliird 
there must be skillful use of matenals which 
have been selected to withstand an unusual 
amount of torsion and shearing, as well as 
bending forces Rarely is each of these pre- 
requisites for superior braeemakmg fulfilled 
Daily experience reveals how few braces, 
worn for the various disorders of the spine, 
are efficient and, at the same time, designed 
to pennit the patient to participate fully in 
activities he should be able to en^qy This 
underlines the urgent need for improvement 
J in the manufacture of spinal braces 
'' Seeking a suitable classification of spinal 
appliances to simplify our discussion of con 
struction principles, we might approach the 
problem from the medical point of view and 
classify spinal braces according to different 
diagnoses, such as spondylitis tuberculosa, 
spondylarthritis ankylopoefica, juvenile dorsal 
l^hosjs scolioses that are of vaij mg degrees 
and are caused by s anous diseases, and so on 
From the mechanical point of view, we might 
classify spinal braces as small and large, light 
and heavy’, flexible and rigid Considering tlie 


material used, we might also speak of corsets 
made of coutil and webbing with whalebones, 
of appliances made of leather, celluloid, or 
fiberglass, or of rigid braces using steel or 
aluminum 

Diagnostic criteria are considered m es 
lablishmg (he medical indication for a spinal 
brace, while the inechanical aspect chiefly 
concerns the bracemaker who suggests the 
material suitable for the brace prescribed by 
the surgeon None of tliese classifications, 
however, gives an indication of basic con 
stiuetjon principles 

After studying the problem from every 
angle, I found tint certain requirements exist 
for every ^70 of appliance which affords ef 
fective fixation, immobilization, unweighting, 
or correction of the spinal column IVJiile 
these basic principles should be common to 
all spinal braces the individualized aspects 
of these appliances iviJl va;^' according to the 
purpose of the brace Tlie resulting types may 
bo readily classified into two major groups 
which are charactenzed respectively by the 
principles of support and of correction Tlic 
first IS the passn e supporting spinal brace m 
which the chief action of the appliance is 
supi>ort, the second is the active correcting 
brace which serves primarily as a means of 
correction of a defonnit)' or a defective pos- 
ture Tire first type, of course, may correct in 
addition to giving support, wliile the second 
group supports to a certain extent while it 
corrects This classification has simplified the 
teachmg and understanding of the constnic 
tion pnnciples for spiml braces and, over tlie 
past twenty five years, has I<?d to higher 
standards of work m the brace shop 
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In our discussion of ihe construction phn 
ciples for the two groups of spinal bnces, we 
shall describe first the factors which are com 
mon to both and then the therapeutic and the 
mechanical action of each individual group 

COMMON FACTORS IN TIIE 
CONSTRUCTION OF SPINAL BRACES 

The construction of a spinal brace should 
never be based upon a routine prescnption 
to the bracemakcr Although I frequently 
stress the point that a certain standardization 
of work is essential to the proper functioning 
of a brace shop a spiml brace must be 
custom made ” It requires valuable materials 
and considerable labor, both of which make 
It expensive to produce The patients psy- 
chological well being the course of !«s dis 
ease, and the degree of Jus disability wiH 
largely depend on the efficacy of the brace 
and the comfort and freedom for action pro- 
vided by It As each individual case differs 
in physical constitution, medical condition 
social lequirements, and professional activaties 
the manufacture of a spinal brace demands 
careful medical indication and individualized 
construction Our basic designs for the passive 
supportuig and active correcting spinal braces 
allow sufficient variation to satisfy the re 
quuements of the individual patient 

A correct plaster of Pans cast is the essen 
iW bssis for Sit effective hrace Befoto ae 
proceed, however, to make the plaster of 
Pans mold for a spinal brace, we must make 
sure that the patient is ready for a portative 
apparatus and that his general condition will 
permit this somewhat strenuous procedure 
Here, we must stress the fact that certain sig 
mHcant conditions may have been overlooked 
Occasionally, a spinal brace of the passive 
supporting type seems to be indicated for the 
support and correction of a deformity of the 
spine which is not a true deformity This may 
be a case of postural scoliosis caused by pelvac 
obliquity or the so-called ‘scohosis sciatica," 
in which defective posture is caused by pain 
unrelated to the spine This occurs when 


ai 

unilateral spastic ngiditj of the erector spinae 
musdes forces the spinal column into an ab 
normal curv-alure These conditions may be 
compared to the so called spastic or rigid 
flat foot where the cquilibrmm of the pro 
nator and supinator muscle groups on the 
foot is senously disturbed It would be )ust 
as great an error to make a plaster of Paris 
mold for a spinal brace in the presence of 
unilateral spasticity of the erector spinae 
muscles as it would be to take a plaster cast 
of a rigid flat foot The patient is ready for 
the plaster cast only if his muscles have been 
relaxed as far as possible by preliminary treat 
ment 

These considerations must also be borne irj 
mind if a spina! brace is to be constructed for 
an old deformity, such as a long standing 
paralytic scoliosis In this case, preliminary 
treatment of the patient must mclude bed 
rest preferably on a Bradford frame, m order 
to attain maximum relaxation or stretching of 
contracted soft tissue structures prior to the 
making of the plaster of Pans model 

Although the technique for making a plaster 
mold has been desenbed in our first chapter 
the following six points bear repetition First, 
the patient must stand upright, moderately 
suspended Second the pelvis must be hor- 
izontal If one leg is shorter, a compensatory 
lift is necessary Third, the body must be 
equalized s) mmetrically m reference to a 
pfumb fine dropped through the center of the 
pelvis Care should be taken not to increase 
the lumbar lordosis For this purpose, the 
patient’s feet must be anterior rather than pos 
tenor to the frontal plane of the body Fourth 
a pendulous or atonic abdomen must be sup 
ported by strapping before plaster of Pans is 
applied Fifth the deformity should not be 
ovcrcorrected Sixth, the necessary landmarks 
must be distinctlj outlined on the body with 
an indelible pencil In addition, landmarks for 
the pelvic frame should be indicated with a 
self modeling strap 

A correct plaster of Pans mold renders cor 
rection of the positive model almost super 
fluous Only the iliac crests must be exagger 
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Fic 15 The positive model is prepared for a spinal brace (a) Back view model 
lined up witli the plumb line (b) Ibac crests are exaggerated for the pelvic frame 
antenof superior spine and the chncles arc hndmarked (The left si oulder is not 
shown ) (c) Side view plaster is removed below the oxilh in order to gain the correct 
position of the thoracic frame 


ifed b) etcai itioii in order to give a proper 
contour to the pelvic frame Witli the aid of 
level and plumb line the model is accurately 
placed on tlie turntable 
Construction of a spiml brace of either type 
follows the principle of a three point system 
of corrective forces which form the essential 
Basis tor any effective ortfiopetfic appDance 
Three mam forces must be active and dis 
tnbuted over adequate surfaces or divided 
info a number of single units the sum of 
which IS equal m degree and direction to the 
desired miin or pnncipnl force necessary for 
correction 

To support or unvv eight a diseased or “in 
sufficient” spine or to correct a defective pos 
hire a brace must he rigid As far as the 
passive supporting brace is concerned it can 
unweight tlie spine reliev e pressure from tfie 
diseased parts of the spine or substitute for 
paralyzed muscles only if it transmits the 


weight to a region or part of the botly wlneli 
IS able to bear it Part of this action may be 
obtained by remforemg” the weak spine Tins 
can be accomplished by increasing the pres 
sure within the abdominal cavity by bracing 
the thoracic cage or by maintaining the verte 
bral bodies in proper alignment to each other 
ancf in tfieir proper refation to the cenlraf axis 
of gravity Such action might be exerted by a 
partly flexible appliance which makes use of 
tensile stresses Tins however would not suf 
flee to take the weight off diseased or injured 
parts of tlie vertebral column nor to over 
come the counteracting forces of contracted 
muscles and hgiments which liave led to de 
formihes such as a gibbus or a fixed scoliosis 
A rigid spmal brace properly constructed and 
well fitted bnngs more comfort to the patient 
than a flexible appliance which has to be 
tightened around the body m order to bo 
effective For this reason I have discarded the 
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use of flexible constructions and lia\e limited 
our production to rigid applnnces 
Bearing the three point s) stem m mind, 
we begin our discussion of both tj'pes of 
brace construction with the pchic frame 
To obtain the desired action on the body 
by means of an instrument which is median 
ically sound, we must lia\e a jundament to 
which the weight of the body may be Irans 
mitted and which serves as a basis for the 


forces correcting a deformity of the spine 
This IS accomplished b) the pelvic frame, 
which represents force number I in the 
three point svstem In addition, the pelvic 
frame holds the entire appliance m close con 
tact with (he moving body m every position, 
distributing the pressure of the great force 
required over a large area of the body 
To fulfill these requirements, the frame 
must be stable in itself To gam a secure 
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Fig 16 Worlang drawing for the steel skeleton of a passive supporting spinal brace 
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liold It must almost completely encircle the 
pehis The upper section of the frame fol 
lows the contour of the iliac crests encircling 
the anterior superior spine of the pelvis in 
front while its lower stction turns back just 
‘ibo\e the greater trochanter over tlic gluteal 
region to a point medial to the sacroiliac 
articulation A frame of this size ctnnol be 
made in one piece It is constructed in two 
Inh es connected by a hinge (or spring plate) 
which permits opening of the frame when 
applying or remo\ing the brace The fact 
that the pelvic frame must be constructed in 
two parts connected by a hinge at the back 
will detract from its stability unless the hinge 
fulfills certain requirements Von Baeyer 
who originated this type of brace design 
solved the problem of stability of the pelvic 
frame by constructing a “double frame hinge“ 
which materially added to its stability This 
hinge which is used with slight modifications 
in the passive supporting as well as in tlie 
active correcting spuial brace is wrought by 
hand of heavy surgical steel forming a rec- 
tangle tliree and one half inches m width and 
Uiree inches in height It distnbutes the 
hinge action over more tlian half of the pos 
tenor height of the pelvic frame while at 
the same time strongly reinforcing the frame 
against torsion and shear The hinge is at 
tached to the tvvo halves of the frame by 
means of special screws witli large heads 
ind slots in the frame of the hinge which 
permit exact adjustment of the frame to the 
width of the pelvis particularly important for 
a growing individual The details of tlie 
hinge and its construction will be discussed 
in the technical part of this chapter 

Occasional!) it is permissible to substitute 
a rectangular plate of blue spring steel of 
the same size for a double frame hinge 
thereby saving weight and labor 

If the pelvic frame correctly fits the plaster 
of Pans model it is filled to the patients 
body before we proceed with further con 
struclion of the brace This first fitting of 
the pelvic frame alone is of fundamental im 
portance for the proper action of tlie enbre 


appliance Its seat is therefore tested with 
the patient standing sitting walking and 
bending forward and sideways ns far as his 
condition permits 

Introduction of the remaining tvvo forces of 
the three point system varies with the t)pe 
of brace 

TIIE PASSIVE SUPPORTING 
SPINAL BRACE 

As the name implies the mam purpose of 
this nppbance is to support a weak or insuf 
ficicnt spine It is indicated whenever the 
spine requires support from without Tins 
may be necessary for the entire spinal column 
or for one or several of its elements 

It IS not necessary to make n distinction here 
as pathology of the greater part of the spinal 
column ns well as a serious lesion of only one 
or two vertebral segments require support and 
immobilization of the entire spine For this 
reason we use only one type of passive sup 
porting spinal brace Furthermore its size 
m relation to the body is alvva)s the same 
whether it is indicated for treatment of spon 
dybtis ankylopoetica osteomalacia senile 
osteoporosis or for infectious disease or 
patliologica) fracture of one or tvvo vertebral 
bodies 

In addition to support ng unweighting and 
immobilizing the spinal column a passive 
supporting spinal bnce permits the mtroduc 
tion of additional forces for the correction of 
deformities such as scoliosis and kyphosis 
In scoliosis we shall find that tlie active cor 
reeling spinal brace to be described later 
can be applied only in a limited number of 
cases where we ire dealing with a flexible 
spine and a good musculature— prerequisites 
for the successful action of the corrective 
forces in this bract We have to resort to 
the supportmg type of brace construction in 
a paraljtc scoliosis where vve aim at corrcc 
lion of die deformity but at tl e same time 
have to support the weight of the trunk b) 
substituting the spinal brace for paralyzed 
muscles Such a brace is also mdicateil for 
severe scoliotic deformities with marked sec 
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ondary changes of the skeleton where the 
trunk js shifted to one side and liangs over 
the pelvis, witli the thoracic cage sometimes 
forming what appears to resemble a balcony 
In these cases, where we cannot correct the 
scoliosis, we tiy to avoid a progression of the 
deformity and to relieve the pahent from 
constant pain caused by intercostal neuralgia 
and pressure of the deformed skeleton on the 
internal organs 

We are now ready to discuss the mechanical 
principles to be applied in building the pas 
sive supporting spinal brace 

Complete immobilization of the spinal col 
umn cannot be accomplished by means of a 
spinal brace Unlike a bone graft in a spine 
fusion, a brace applied to the trunk cannot 
act directly on the elements of the spine 
proper It is impossible to eliminate a cer 
tain amount of play in the parts of the bod) 
which be between the skin and the spine 
We cannot control, for instance, tlie effect on 
the vertebral bodies of breathing and the 
movements of the iib cage The fact that 
the most effective spinal brace will never 
completely immobilize a diseased section of 
the spine must he kept in mind when discus* 
sing the medical indication for a spinal brace 



in preference to a fusion operation CorreP- 
tion of a deformity, however, and support of 
the spinal column or unweighting of diseased 
elements of the spine can be well accom- 
plished by means of a correct spinal brace 
Attempting to unw eight a diseased spmC, 
one might be inclined to use traction This 
is frequently applied to the spine by means 
of a Clisson sling, which pulls on the heatk 
but which is scarcely used as a portativ e ap- 
paratus with the exception of constructions 
designed for treating lesions of the cervical 
spine Another approach has been suspen- 
sion of the body weight by means of crutches 
fitted in the axillae Even now, we may see 
a brace construction derived partly from the 
old Hessing t)pe of spinal brace in winch 
the bod) weight seems to be suspended and 
transferred to the pelvis by means of crutches 
m the axdlae It is hardly necessary W 
point out that such an appliance will cause 
considerable discomfort to the patient b) 
pressure on vessels and nerves m the axillae 
With the shoulders drawn up m this arrange 
ment, at least part of the force to be applied 
IS rendered ineffective 
Stud) mg the problem from the viewpoint 
of the mechanics involved, one learns that it 



Fig 17 Old fashioned spinal brace suspends the patient at the axillae The shouldei 
girdle is drawn up to the head (Based on photograplis from Hessing Hosslauer ) 
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IS impossible to opply an efFective force to 
the spine by suspending the patient at the 
shoulder girdle It should be apparent that 
if traction is applied to both ends of a 
curved rod or a broken line with an obtuse 
angle, the resultant force produced to straight 
en out the angle will be very small, no mat 
ter how strong tlie pulling forces are This 
IS demonstrated below by the parallelogram 
of forces It follows that traction is not tlie 


should be generally recognized tliat hyper 
extension of the spine must be used instead 
of traction 

Just as our diagram illustrated how a 
curved rod or an angulated line must be 
straightened out by means of three forces, so 
we apply these forces to the patient’s body, 
with two forces acting on the ventral aspect 
of the body and the third functioning dor- 
sall) at the site of the spinal lesion One of 




Jb 

Fig 18 (a) Demonstrates that trachon (provided by a CItsson sling) is ineffective 

for correction of a deformity forming an obtuse angle The parallelogram of forces 
shows that forces f 1 and {2 have a small resultant R (b) The three point s>stem 
with f 3 opposiag £ I awi £ 2 aclvwves the corredioa. (Eedcavva from Hans von Baeyer, 
Crtindlagen der orthopadischen Mechanik, Berlin, 193S, courtesy Julius Sponger ) 


proper means of correcting a curved or 
angular deformity of the spine If, however, 
three forces act on the broken line, with two 
of them perpendicular to the arms of the 
angle and a third on its vertex, it is simple 
to straighten out the angle to 180®, at which 
pomt the force acting at the vertex is equal 
to the two forces acting on the arms Such 
a tluee point system must consequently be 
applied in order to correct a deformed spine 
These mechanical considerations have been 
confirmed by clinical experience, and it 


the two ventral forces is introduced at the 
pelvis and the other high up on the antenor 
thoracic wall The third force must oppose 
them in the back at a mid point between 
them yet not so high as to oppose the upper 
force in front only, thus rendermg it ineffec- 
tive In other words, Force I acts on the 
peIvTS, Force II is exerted in the same direc- 
tion anteriorly just below the level of the 
clavicles, Force III operates on the back, 
bemg placed low enough for tlie dorsal part 
of Bie spine above the site of the lesion to be 
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able to yield to the correcting force whidi 
acts on the thorax m front This can be 
easily understood b) studying the figures 
below. Various placements of a body cast 
or corset demonstrate that correction and h)- 
perextension of tlie spine cannot be accom- 
plished if no force acts high enough in front 
or if the cast or corset is made too high 
dotsafly. This would render hjperextension 
of the spine impossible and the second force 
in front xnefFectiie 


thereby introducing the proximal effectiie 
force anteriorly. This is dmded into h'O 
forces which act on either side below the clav- 
ide by means of infraclavicular pressure pads 
The thoracic section is a rigid steel franie 
which encircles the thorax laterally at a level 
of about one mcli below the axilla. It is lugh 
m front with the pressure pads just below tlie 
claxtclc and lower in back where it should 
have no mechanical action Tlie mam purpose 
of the four uprights is to support the thoracic 




abed 

Fic 19 (a) The three point s}stem of forces applied to the spine (b) Correction mil 
not be obtained if f 2 is missing because the brace is too low m front (c) Correebon 
also cannot be obtained if the brace is applied too high in the back with f 3 acting at 
the level of f2 (d) Shoxvs the correct outline 


As this covers the chief mechanical prin- 
ciples underlying construction of a passive 
supporting spinal brace, we are now ready to 
describe how the three forces are applied in 
practice 

Force I is exerted through the pelvic frame, 
which has already been discussed as the com 
mon factor for all spinal braces 

Force II is exerted through the thoracic 
frame, which represents the force or the sum 
of forces acting on the thorax proper and not 
on the shoulder girdle This frame consists of 
four uprights, h\o on either side of the trunk 
These carry the thoracic section of the brace 
which encircles the upper part of die thorax. 


frame at the correct level and to fix its relation 
to the pelvic frame The uprights follow the 
body contour closely without exerting undu® 
pressure at any point They guarantee the 
proper relabon of the thoracic frame to the 
pelvic frame by means of one or two angle 
irons at each side uhich keep the angle be* 
tween the posterior upright and the pelvie 
frame constant These angle irons are indis 
pensable for rendering Force II, on the an 
tenor thoracic wall, effectnc In order to make 
the thoracic section ngid, while at the same 
time allowing the appliance to be opened, 
there must be a hinge in the hick correspond* 
iDg to the hinge of the pehic frame A remov* 
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able yoke in front, extending from one infra- 
clavicular precsurc pad to the other, connects 
the thoracic frame The hinge is constructed 
as a link permitting motion of the two halves 
in all directions The four uprights connecting 
the pelvic frame with the thoracic section and 
fixmg the position of the latter share, at the 
same time, the task of unweighting the spine 
and transmitting the weight to the pelvis This 
IS not accomplished by providing axillary 
crutches which can act on the shoulder girdle 
only, but b) gaming a hold on the lateral xvall 
of the thoracic cage about an inch below the 
axilla For this purpose, the thoracic frame 
IS made concave toward the thorax laterally 
between the two uprights Outlining our 
teclmique for making a plaster of Pans model 
for a spin'll brace in the previous chapter, we 
paid particular attention to the lateral thoracic 
wall below' the axilla where the plaster must 
be molded to the thoracic wall with great 
care On the positive model, it is sometimes 
necessary to remove plaster at tins site to 
obtain the convex form of the thoracic frame 

As a rule, tx\o uprights, made of light 
spring steel, are added in the back, and 
screwed to the posterior vertical part of the 
pelvic frame behveen it and the double frame 
hinge as seen in the diagram ^\'hlIe not 
connected with the thoracic frame they add, 
however, to the stability of the brace by mam- 
laining the proper position of the fabric or 
webbing which constitutes Force III in the 
back 

Thus far, we have seen that Forces I and II 
of the passive supporting spinaf brace act on 
the body by means of a rigid steel construe 
tjon The principal action of bofli forces op 
crates on the pelvis and the upper part of the 
anterior thoracic wall m the antero posterior 
direction Force III opposes Forces I and II 
in the postero anterior direction, acting on the 
convexity of the dorsal spine To be ellcctne. 

It must be adjustable As this force roust be 
equal to the firet two forces ivbicJi are dis 
tnbuted over a considerable area of the body 
by means of the pelvic frame and the thoracic 
frame, it must exert its action over a still 


greater surface of the back It is introduced 
by a large rectangular piece of fabric (coiitil 
or pekmstripc material) which extends from 
the pelvic frame almost up to the link unit 
of the thoracic frame, thereby distributing the 
pressure over as large an area of the back as 
possible The upper limit of the spinal pad is 
established by the level of the spinal lesion to 
be treated As already stated Force III may, 
under no circumstances, actattoo Jugh a level, 
as it would otherwise render Force II inef- 
fective In a case in which bilateral sym 
metry of the spine is preserved, the posterior 
pressure pad extends literally to about one 
inch lateral to the posterior flexible uprights 
made of spring steel The rectangular piece 
of fabric is fitted with wlialebones in order to 
maintain its shape, and with approximately 
eight eyelets on eacli side which are no more 
than one inch apirt Lacing attaches the 
posterior spmal pid to the two lateral parts 
of the corset winch are cut of similar mnterial 
and fitted with e) clcts for lacing to the corre 
spending ey eJets of tlie posterior medial part 
The two lateral parts of the corset are firmly 
attached to the anterior lateral rigid uprights 
If the lacing is tightened, Force III becomes 
active, pressing on the dorsal convexity of 
the spine and opposing the two anterior 
Forces I and 11 The lacing permits exact ad 
juslment and an increase in the pressure as 
the spine yields to the correction 

If the passive supporting spina! brace is 
used in the treatment of asymmetrical deform 
ilics of the spine, such as a paralytic scoho 
SIS, ffie o’lrccfion oiT Force !!! may ie ah'ered 
by cutting and attaching the fabric to the 
rigid steel construction according to the re 
quirements of the individual case If, for 
example, a C shaped right liimbodorsal curva 
hire IS to be treated by the passive supporting 
type of spinal brace, the fabric representing 
Force III will be cut into two parts instead 
of three as is done in symmetrical cases Onl) 
one lacing will be required and, where a right 
conveue curvature exists, this will he situated 
on the left side of the brace close to the pos 
tenor lateral rigid upright to whidi it will be 
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Fic 20 Passive supporting spinal brace with bilateral lacing 


firmly attached The larger part of the corset 
will be firml) attached to the right anterior 
lateral ngid upnght This gives Force III not 
only an opposing direction to Forces I and II, 
but also an effect on the curvature in a direc 
tion from right posterior to left anterior The 
situation becomes more complicated if we are 
dealing with an S shaped curvature of the 
lumbodorsal region In such a case, tlie fabric 
must be divided honzontall) into an upper 
and a lower half, with each half being at- 
tached and laced separately according to the 
pnnciple used for a C shaped or unilateral 
curvature 

The brace is finally completed with a corset 
front or at least an abdominal pressure pad or 
apron According to the requirements of the 
individual case, we can close the entire corset 
m front by means of the same fabnc ii»ed in 
the back with ejelets and lacing aotenorly 
For this part of the corset, a paper pattern is 
cut at the hme of the second fitting, and the 
matenal is finally adjusted at a third fitting 
In the closed corset front, the fabric is firmly 
attached to both anterior lateral rigid up- 
nghls down to the pels ic frame as well as to 


the peh ic frame itself b> means of lacing that 
follows the exact contour of the antenor part 
of the pelvic frame where it encircles the an 
tenor superior spine The shape of the corset 
front IS maintained by whalebones and rein* 
forced at the distal end by one or two leather 
straps attached to studs on the pelvic frame 
In many instances, there is no need to use a 
closed «?rset front An abdominal pressure 
pad or apron reaching from the symphysis to 
llie umbilicus and attached to the pelvic 
frame bj means of two or three straps and 
buckles may suffice 

The proper fitting and action of the brace 
should be checked hy x ray taken with the 
patient standing 

This passive supporting spinal brace, built 
according to construction principles described 
above and technical specifications to be dis 
cussed below, will fulfill the purpose of its 
indication b) supporting the spine m the de 
sired position mAout discomfort to the pa- 
tient xvhile, at the same lime, correcting a 
deformity which may be present It will not 
interfere with the free use of the arms as it 
does not aim to support (he body by means of 
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axillary crutches It will not cause pressure 
sores as all forces ire well distnbute<l o\er a 
sufficient]) large irea carefully avaidmgbemy 
prominences such as the anterior superior 
spines The brace will fit close to the body 
follow its movements ind remain effective in 
every position It will enable the patient to 
tahe part in all or many of his professional 
social or athletic activities according to the 
condition of his disease In no way will the 
patient be restricted in these activities by the 
mere fact tint he is weanng a brace As a well 
fitted brace of tfus type has no tendency to 


"run away" from the body it wall also be sat 
isfaclory from the cosmetic point of ’ lew 

TIIE ACTIVE CORRECTING 
SPINAL BRACE 

The construction pnnciples for an active 
correcting spinal brace differ in many respects 
from those applied to the building of the 
passive supporting spinal brace Its use is 
limited to a rather small number of cases com 
pared with the almost general applicability of 
the supporting type Nevertheless the prin 
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Fig 24 Passive supporting spinal brace for treatment of S shaped scoliosis Tlie uni 
literal lacing is divided horizontally in order lo introduce opposing forces on the 
curvature 


iluced by means of an active correcting brace 
Some of tliese may be borderline cases creat 
ing some doubt as to whether the deformity 
of the spine is sufficient to warrant a major 
orthopedic appliance or whether it would be 
possible or even better to attempt treatment 
of the defective posture by building up weak 
muscles and restoring the normal balance of 
the spine by means of e'cercises 

Generally speaking the indication for an 
active correcting spiml brace is present in 
cases of a flexible deformit) or defective pos 
ture of the spine (in the frontal plane of tiie 


^^ody)« which cannot be effectively treated 
wathout an orthopedic appliance but which 
do not require support and the introduction 
of the strong correctivie forces stipphccl only 
bv the supportmg type of spinal brace 

In analyzing a fully developed scoliosis a 
defective posture or deformity of the spine in 
the frontal plane, we find that the following 
tliree elements are responsible for the deform 
ily, although not all three are present in every 
case (1) curvature of the spine m the frontal 
plane of the body, (2) shifting of the body In 
the frontal plane with regard to the jvelvis. 
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Fic 23 Passive supporting spinal brace (Top) 
Closed corset front attached to the pelvic frame 
by laces (Bottom) Abdominal apron with straps 
and biicVles 


(3) deformity of the thoracic cage caused by 
"torsion oi the spine 

To correct the scoliosis, these three compo 
nenls require correction The third element 
torsion of the spine with die secondary de 
formity ol the thoracic cage, is very dilEcuU 
to correct In the cases suitable for treatment 
by means of an active correcting brace, we 
ha\e to neglect this element of the deformity 
particularly since any attempt at correcting 
the torsion would require the introduction of 
forces acting on the thorax Tlus, in turn, 
inlerfercs with the freedom of the body, and 
this freedom, as we ha\e stressed, is an im 
portant condition in cases uhere an active 
correcting spinal brace is indicated More 
over, the cases which are reall) suitable for 


treatment with this tj’pe of orthopedic appl* 
ance, usually present on!) a moderate degree 
of torsion 

The curvature of the spine proper and the 
dev lation or shifting of the tnink w ith regard 
to the pelvis, which represent the other two 
elements of the scoliosis, can be adequate!) 
treated with an active correcting spinal brac^ 

Defining the term active correcting as Jt 
applies to the construction of the active cor 
reeling spinal brace, we should like to e% 
press the idea ih it the corrective forces of 
dm appliance bring the trunk and the spine 
into such a position that the patient has to use 



Fic 20 InHuence of pelvic inclination on th^ 
spine (see text) 


his active muscle pow er for the correction of 
the deformity In other words, the brace ha^ 
an “indirect action” on the deformity 
A simple example (Figure 26) will illustrate 
how an influence on the posture of the spine 
by active muscle action can he exerted by 
forces whicli act indirecllj If a normal person 
stands erect widi his weight equall) distributed 
on both legs, the pelvis will be level and the 
spine straight and in the plumb line through 
itsbasisatthclumbosacral junction (A) If the 
nght side of the peh is is raised by a lift under 
the right foot without changing the straight 
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course of the spinal column, an inclmation of region Tlve curvature will be fixed to a cei 
the spine towards the left side would result, tun extent, depending on the degree of the 
and the liead >vould consequently be dis deformity and on the patients age and gen 
placed toward the left (B) The desire to cany cral condition If the left side of the pelvis is 
the head well balanced over the bodys center raised by a lift under the left shoe until the 
of grivit), tint IS in the plumb line, induces basis of the spine (the proximal surface of 
a lateral curvature of the spine, a C shaped the fifth lumbar vertebra) is horizontal, the 
curve, convex toward the left side (C) In a curvature of the spine will at first persist, with 
similar way, we shall find that a case of a C- tlie liead bemg shifted toward the right side, 
shaped scoliosis to tlie left may be the result and the patient will use the activity of the 
of a congenita] deformity at the lumbosacral muscle groups controlling the spine to bring 
junction or of the position of the fiftli lumbar the head bach into normal position This 
vertebra In this case, both legs are equally would lead to a compensatory curve in the 
long and the pelvis is level, but the spine is dorsal spine proximal to the primary curve as 
based on a wedge or an inclined plane At* long as the latter is fixed If, however, the 
tempting to carry the head m the plumb line pnmary curve of the lumbodorsal section of 
of the body’s center of gravity, the spme the spine fs more or less flexible, the curva 
assumes a C shaped scobosis convex toward lure will be straightened out by active muscle 
the left side As there is, for anatomical power, eausmg only a moderate compensa 
reasons, very little latenl motion in the lum lory curve in the proximal section of the spine 
bar section of the spine, the deformity will or eliminating it altogether 
occur at the lumbovlorsal or the lower dorsal The simple procedure of changing the posi 


Stonding Sfonding 

without brace with brace 



a b 

Fic 27 X ray tracings (a) Tiltmg of fifth lombar vertebra and sacrum in the frame 
o! the pelvis causes a left lumbar seolvoas (b) Tlie heel of the left shoe is raised - 
inch and an active correcting spinal brace is applied 
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tion of the peivts \%itlj the object of stimtiht 
ng the 'iclion of the sptnil mtiscles to correct 
1 simple cm^-aluro im) be indicitccl m mild 
cises of posluni scoliosis it is ilw ws iiccts 
sary m addition to other corrective measures 
if the scoliosis IS enlirel) or parllj caused b\ a 
peUic obhqiiilj As a nile however it is not 
possible to influence the posture of the spine 
by changing the position of the ptlvis Th'‘ 
next step is to introduce forces which in 
fluence the relation of the trunk to the pelvis 
This IS essential when the curvature of the 
spine IS not compensated in itself but has led 
to a shifting of the thorix to one side adding 
the second clement “the deviation (von 
Baejer) to tlie first clement “the curvature’' 
A deviation although usually secondary to 
the curvature of the spine proper mav be dis 
cussed first because it is simpler to correct 
For this conection three forces are necessary 
to bnng the spine and consc<jutntI> the 
thorax into the correct bilateral symmetrical 
relation to the plumb line Tlieoretically two 
of these should act on the spine to straighten 
out the curvature responsible for the devia 
tion Tlie third force must act on the pelvis 
As the chief motion in the lumbar spine occurs 
111 tlie sagittal plane of the body and there is 
marked resistance to lateral bending the force 
which should act on the lumbir spmt may be 
transferred to the pelv is 
To correct the curvature and deviation of a 
flexible spine by means of the hands it might 
appear possible to achiev e the desired object 
With only two forces Von Baeyer however 
demonstrated that in this case also three 
forces must be active the third force licing a 
so called “latent force ” represented by the 
friction of the patients feet on the ground In 
constnicting an orthopedic appliance which is 
intended to correct the deviation two of the 
forces in the three point system must act on 
the pelvis and one on the spine at the apex 
of the curvature By shifting the center of 
gravity and consequently the equilibrium 
of the body the deformed spine is moved 
from a malposition in which it has been more 



hic 28 Two visible forces are applied for 
('orrcction of a scoliosis by tlie surgeon s liands 
Tlie third force a latent force ” js presented by 
friction letween the patients feet and the 
gnninil {llans von Baeyer Criind/agcn der 
orthop idiscficn Mecl anik Berlin 1035 courtesy 
Julius Springer ) 

or less balanced to o new position which stim 
ulates and activates the muscles for the rea 
sons mentioned abov e so that they will try to 
alter the position of the spine (the curvature) 
until a better alignment m the new position is 
obtained 

Correction of the curvature of the spine 
proper the first element of a scoliosis pre 
senls a problem similar to the one present m 
correction of a kaiockknee a curved or an 
gulated rod must be straightened out by 
means of three forces One of these must act 
on the apex or vertex of the angle and the 
other two on both ends of the arms of the 
angle Tlie problem is more diflicult m the 
case of the spine as it is not possible to mtro 
ducc forces which act on the spinal column 
directly as they do on the leg In arranging 
the forces which must act on the spine m the 
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frontal plane in order to straighten the curva 
ture the most important force which nets at 
the npe\ of the curve can be introduced onl) 
by means of transmission through the pos 
tenor section of the ribs It is therefore nec 
essary to determine by x ray the nb which is 
connected with the v ertebra at the apex and 
to applj the thoracic pressure pad which in 
troduces this force at such a level (below the 
level of the vertebra) that the force will be 
effective in the direction of the posterior sec- 
tion of this nb Theoretlcallj the two oppos 
mg forces effective on the concave side of 
the curvature should m the case of a simple 
dorsal curvature act on the cervical and 
lumbar spine In practice however this is 
impossible If the proximal force were to act 
on the cervical spine it would cause a com 
pensalory curve rather than a straightening of 
the curvature being treated Tlierefore the 
proximal force has to act on the proximal 
ribs The distal or opposing force may be 
shifted to the pelvis for the reasons alreadv 
discussed in order to correct the deviation 
A brace construction which makes use of 
these three forces for the correction of a spinal 
curvature is however no longer an active 
correcting brace and it would fail to stimulate 
the muscles to active correction 

The active correcting spinal brace must 
introduce three forces in order to correct the 
deviation of the thorax in relation to the 
pelvis For a ffexible spine this brace will at 
tlie same time effect a change in the position 
of tbs spvwal cotviTOW as arv ewtvty as well as itv 
the relationships of its sections Tins will lead 
to straightening of the curvature and to re 
alignment of the spine in reference to the 
center axis of gravitj 

To mtroduce the forces which should act 
on the spinal column and the thorax vve must 
again have a fundament or basis on which 
vve can build up these forces In other words 
we have to gam a secure hold on the pelvis 
As vve have said before the pelvac frame rep- 
resents Force I the most important element 
m every tj-pe of spinal brace One might as 
sume that in an active correcting spinal brace 


with moderate forces acting on the spine and 
die thorax the construction of the pelvic 
frame could be lighter and less rigid tlian in 
the supporting type of brace This however 
IS not the case 

In the active correcting brace the forces 
which act on the spine have a tendency to 
rotate the pelvic frame m the frontal plane of 
the body If such a rotation occurs these 
forces become ineffective It is therefore 
necessary to mtroduce auxiliary forces which 
guarantee tlie position of the pelvic frame on 
the pelvis overcoming the rotatory forces 
whicli originate from the bodys resistance to 
correction in the frontal plane Here we must 
mention the fact that tlie force actmg on the 
curvature of the spme by means of the tho 
racic pressure pad is rigidly connected watli 
die pelvic frame to form a solid unit of the 
three point sj stem m a triangular arrange 
ment 

The pelvic frame for the active correcting 
spinal brace is built exactly to die specifica 
tions given at the beginning of this chapter 
where it was described as the basis of every 
spinal brace construction except for the fol 
lowing points 

1 Tlie lower horizontal bar of tlie double 
frame hinge carries on the side of the curva 
ture an extension for the regulation of an 
adjusting ann which connects the thoracic 
pressure pad with the thoracic frame 

2 For die same purpose the proximal hor 
izontal bar of the pelvic frame on the side of 
the cwxvaXwte fitted with a pivot for the 
adjusting arm at the proximal posterior nght 
angle of the pelvic frame 

3 A perineal strap is attached to the distal 
or trocliantenc horizontal bar of the pelvic 
frame on the side opposite the defonnitv m 
order to overcome the rotating force whicli 
tends to shift the pelvic frame upward on 
this side 

4 A trochanteric pressure pad may be 
added for the same pi rpose on the side of 
the defonnity 

It IS of prime importance that the pchic 
frame rests securclj over the ihac crests es 
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Fic 29 The introduction of the three point system in an activ e coxrecbng spinal brace 
(A) Distribution of the three forces (B) The three forces are ngidl> connected in n 
brace tlie appliance can rotate around points a or b (C) Tlie penneal strap s prevents 
rotation around a, pressure at the nght iliac crest d prevents rotation around b (Re 
drawn from Hans von Bacjer Gtundiagcn der orthopadiscben Mcchanik, Berhn 1935 
courtesy Julius Springer ) 


pecially on the side of the curvature, m order 
to prevent a downward movement of the 
pelvic frame by rotatory as well as by vertical 
stresses 

With the pelvic frame representmg Force I, 
Force II may be a latent force, such as fric* 
tion of the patient’s feet on the ground, as 
shown by Figure 2S Frequently, however, as 
in cases requiring correction of the demtion, 
the pelvic frame contains a second force, 
opposmg Force I 

Force 11 is mtroduced by means of a tho- 
racic pressure pad This acts on the ape\ of 
the spmal curve, introducmg the force at a 
level below the vertebra at the apex, because 
of the direction of the nbs The thoracic 
pressure pad is connected with the pelvic 
frame on the side of the curvature by means 
of the adjusting arm in the back and a short 
supporting bar in front The thoracic pres 
sure pad conforms to the shape of the tliorax, 
and its longitudinal axis almost follows the 
course of the rib which transmits the force 
Placement of the thoracic pressure pad lower 
in front than in back allows more freedom 
to the anterior wall of the trunk and facilitates 
breathing and movements of the body AVhile 
Force 11 is rigidly linked to the pelvic frame 
in order to be effective, there is a swivel action 


between the thoracic pressure pad and the 
adjusting arm m the back and the short sup 
porting bar m front This permits a moderate 
degree of motion of the thoracic pressure pad 
around its longitudmal axis and allows the 
pad to remain in contact with the moving tho 
rax The pelvic frame is closed m front with 
a single strap, if the level of the apex of the 
curvature is low If it is lugher, an additional 
strap connects the \ entral end of the thoracic 
pressure pad wath the link unit of the pelvic 
frame on the opposite side As a rule it is 
not necessary or desirable to add a belt like 
abdominal part to this type of brace This 
may be necessary only m the rare cases where 
an active correcting spinal brace is indicated 
in the presence of a weak abdominal wall or 
m cases of obesit) Elastic material should 
then be used 

A 'vord must be said about the use of 
shoulder straps These are easily attached to 
a slightly padded nght angle bar which is 
riveted to the thoracic pressure pad in the 
back The straps then run over both shoulders 
and back to the bar through the axillae Opm 
ions differ as to the advisabilitj of such slioiil 
der straps They have two distinct advan 
tages 
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. J. If the patient leans forward in the sit- 
ting position, as for school or office work, the 
thorax ino\es away from tlie brace, or the 
brace “runs awa)” from the body, tliereby 
rendering the force entirely ineffective The 
shoulder straps will hold the brace to the 
body. This is especially true if the thoracic 


Shoulder straps are condemned b)- some 
authorities for obstructing the aim of the 
actne correcting spinal brace Their action 
on the slioulder girdle and consequently on 
the thorax is said to oppose the desired action 
of the active correcting brace on the spine as 
it interferes with the straightening and subse 



pressure pad must act at a higher level Tlie 
shoulder straps are not necessary if the apex 
of the curvature is situated in the lumbodorsal 
region 

2 In a defective posture with a tendency 
toward dorsal kyphosis in addition to scolio- 
sis, tlwi shfiuMec steles act as a “reminder " 


quent elongation of tlie spinal column I 
feel, howexer. that a shoulder strap introduces 
only moderate, more or less elastic, auxiliary 
forces They are permissible in many cases 
and often valuable when the thoracic pressure 
pad is at a high level and in cases with a 
tendency toward dorsal kyphosis 



Fig 31 Active correcting spinal brace with penneal stnp on the left, and trochanter 
pressure pad on the right side In addition to a leather strap connecting the pelvic 
frame in front a larger abdominal support made of two wide elastics is used Shoulder 
straps are required to insure correctioo with the patient sitting. 
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BUILDING THE PASSIVE SUPPORTING 
SPINAL BRACE 
litj Alfons R Glaubitz 

Preparation of the Plaster of Paris Model 

The plaster of Pans model is placed on a 
turntable uhich allows easy access to the 
model throughout the entire constniction pro- 
cedure without losing the correct alignment of 
the model with reference to the plumb line 
and the horizontal or le\el plane Tlie top of 
the table must be level When the model is 
properly placed on this table, symmetrical 
corresponding parts, such as the iliac crests 
and the anterior superior spines, wiU he m 
the same horizontal plane The plumb line is 



Fig 32 Swivel table recommended for the 
building of spinal braces 

determined and drawn on the model which 
has already been landmarked and corrected 
In designing the brace, first the double frame 
lunge is drawTi on the model The jomt of 
the hinge is placed in the plumb line over the 
middle of the sacrum Its height is determined 
by the fact that it has to be one inch below 


the fifth lumbar vertebra and one inch above 
the horizontal plane of the trochanter 

Next, the pelvic frame is drawn with the 
vertical back bars parallel to the vertical part 
of the double frame hinge, one mch lateral 
to the plumb line The vertical bars extend 
down to the trochanteric plane and up to a 
point one inch below the height of the iliac 
crest 

We then turn to the front of the model by 
rotating the turntable The left and right 
anterior connecting bars, which join both 
ends of the pelvic frame, are drawn symmet 
rically just below and medial to the anterior 
sujvenor spines These connecting bars have 
to be long enough to hold two screws and give 
one inch extension 

To complete the pelvic frame, two lines are 
drawn one from the postenor vertical section 
of the pelv ic frame over the iJnc crest to the 
upper section of the front connecting bar, the 
other from the lower posterior section of the 
pelvic frame, going horizontally over the tro 
chanter and then curving upward and forward 
to the lower section of the front connect 
ing bar 

Next, the thoracic frame has to be designed 
Starting with the postenor link unit, with 
its joint in the plumb line at a level deter- 
mined by the site of the spmal lesion, but 
always considerably below the level of the 
axilla, the infraclavicular pressure pads arc 
marked off on the model below the landmarks 
which determine the position of the clavicles 
tboratic fiame vs teaced vlwraviasd fxom 
the infraclavicular pressure pad, curving lat 
erally, and leaving sufficient space for the pec- 
torahs major muscle On the lateral aspect 
of the model, the thoracic frame is traced 
from m front upward in a downward direc- 
tion to the back at a level of one to one and 
one-half inches below the axilla Tlie thoracic 
frame reaches the lowest point at the site of 
the scapula and rises slightly to jom the pos 
tenor Imk unit The anterior and posterior 
lateral rigid upnghts on either side are con 
structed as extension bars connecting the pel 
Vic and the thoracic frames in the frontal 
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phnes just antenor and posterior to the TXilh 
\Vlijle the posterior upright is drawn in a 
straight line perpendicular to the horizontal 
top bar of the pelvic frame the anterior up 
right follows a course aerticall) dowai on the 
thoracic wall and then cuiaes slightly to the 
back until it reaches the pelvic frame just 
above the proximal arm of the anterior eaten 
Sion bars Tlie two posterior steel springs 
which arc fastened to the pelvic frame incl 
constructed to support the corset lacer from 
one inch above the thoracic frame downward 
are traced as an extension to the \ ertical sec 
tion of the pelvic frame 

Tlie breastplate or yoke connecting the 
infraclavicular pressure pads and the two 
angle irons connecting the pelvic frame with 
the rest of the steel construction arc not de 
signed until after the second fitting 


Slots about 1 inch in length are filed mto 
the horizontal parts of the hmge for expansion 
of the peh ic frame 

2 A paper pattern is cut to the tracing on 
the plaster model for the two halves of the 
pelvic frame The two halves are forged to 
Uic paper pattern from surgical or stainless 
steel to a thickness and width of about h inch 
X % inch Outside surfaces are beveled except 
for the posterior vertical bars and the distal 
ends of the frame to which the connecting 
bars are to be attached 

3 Tlie anterior connecting bars of the pel 
VIC frame are cut from U inch x h inch sheet 
steel or stainless steel At the apex of the 
triangular shaped bar a stud is riveted to 
hold the front strap 

4 A paper pattern is made from the draw 
mg on the plaster model for the thoracic 



Fic 33 Steel skeleton of a passive supporting spinal brace on the plaster model ready 
for the second fitting The two postenor flexible upnghts and the small angle irons are 
still missing 


Spectficatiom and Preparation of Parts 
1 The double frame hinge is made of two 
U” shaped components and is forged to the 
size of the drawing on the plaster model 1 b 
inch thick and S inch wade The joints are 
milled and squared so that the) work freely 


frame which is forged m two halves from 
surgical or stainless steel Posteriorly the tho 
racic frame is connected by the link unit 
which IS made from the same material An 
tenor!) the thoracic frame carries the clavic 
ular pressure pads These are cut from 16 
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gTiige stainless steel Studs to carry the yole 
or breastplate are riveted to tlit clavicular 
pads 

5 The four lateral bars connecting the 
pelvic with the thoracic frame arc built as 
extension bars These are cut from % inch 
X ®]<! inch surgical or stainless steel TTic 
upper extensions to winch slots are filed for 

inch screws are riveted to the thoracic 
frame The lower extension bars are fastened 
to the pelvic frame with onl) one "a inch 
screw To steady the thoracic frame on the 
pelvic band angle irons are cut from the 
same material Tliese angle irons are later 
fastened to the pelvic frame and extension 
bars when the proper relationship between 
the pelvic and thoracic frame has been ascer 
tamed The posterior steel springs rise from 
the vertical section of the pelvic frame and are 
cut from OoO x ' inch tempered spring steel 
The placement of angle irons ma) vary from 
time to time 

6 Tlic anterior breastplate or yoke is cut 
from 16 gauge sheet metal or stainless steel 
to about one half inch m widtli As tlie proper 
location for the infraclavicular pads cannot 
be known until the first fitting of tlie brace 
the filing of slots for the studs on the infra 
clavicular pads is postponed 

7 The corset parts of the brace are made 
of heavy coutil or preferably pckinstnp- ma 
terial 

Bmldtng the Brace 

Tlio pelvic frame is formed on lead fol 
lowing the tricing on the plaster model The 
ihac crest bar of the pelvic frame extends 
forward and downward to a point medial 
and below the anterior superior spine where 
it IS overlapped by the anterior connecting 
bar Tlie lower part of the pelvic frame passes 
above the trochanter horizontally upward 
and forward to the lower arm of the connect 
mg bar Care slioiild be taken that the lower 
bar of the pelvic frame does not interfere witli 
the sitting position of the patient \\Tien the 


two halves of the pelvic frame are fitted cor 
rectly to the mode! the anterior connecting 
bars are attached to the pelvic frame with 
inch screws and posteriorly connected to 
the double frame hinge with inch screws 
The pelvic frame is then ready to he fitted 
to the patient 

At the first fitting the pelvic frame is 
adjusted to the patients body It must clear 
the iliac crests and the front units must have 
the correct relation to tlie antenor supenor 
spines Nccessarj adjustments can be made 
by means of the slots of the anterior con 
nectmg bar as well as the slots of the double 
frame hinge After the pelvic frame has been 
fitted with the patient standing sitting walk 
ing and bending down it is returned to tlie 
shop It IS frcquentlj found that after the first 
fitting the shape of the pelvic frame lias been 
dianged and it may be chfReuIt to replace it 
on the plaster model In this case the plaster 
model must be reshaped to fit the pelv ic frame 
and not vice versa 

Tlie thoracic frame is formed on lead fol 
lowing the tracing on the plaster model Spe 
cial attention must be given to the position 
of the infraclavicular pressure pads and to 
the section of the thoracic frame which lias 
to be shapecl convex to the lateral wall of the 
thorax below the axillae At this time it ma) 
be necessary to scoop out some plaster at the 
site of the infraclavicular pressure pads as 
well os below the axillae Tlie two halves of 
the thoracic frame are then joined in the back 
by the link unit for which slots were provided 
using ''a inch screws 

Tlie upper parts of the lateral vertical ex 
tension bars are riveted to the thoracic frame 
The lower sections of tlie extension bars are 
hammered to the shape of the plaster model 
and attached to the pelvic frame by one h 
indi screw 

A leather strap iv prepared for the studs on 
tlie anterior connecting bars Another leather 
strap IS prepared to he attached to the infn 
clavioilar pads in place of the yoke which wois 
prepared but left without slots 
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If the form and shape of the pelvic frame 
have not cliangtd since the first fitting, it avill 
fit the patient correctl)' The thoracic frame, 
w ith the mfraclaviciilar pads in place, is ad 
justed to the patient’s bod) , taVmg advantage 
of the lateral extension bars and the slots m 
the posterior Imh unit, and using tlie bending 
irons as little as possible ^Vhen proper fitting 
of the entire steel frame is obtained, tlie rela 
tion of the thoracic and pelvic frame is def- 
initely stabilized by the positioning of the 
angle irons which connect the posterior lal 
eral rigid uprights wath the pelvic frame 
Fmally, the place of the slots is marked on 
the yoke 

Tlie fabric material for the corset lacer is 
now cut according to the measurements and 
patterns taken from the plaster model The 
center section or spmal pressure pad, sup 
ported by the flexible vertical back bars, 
extends in height from the pelvic frame to 
about one inch below the thoracic frame and 
in width to about an inch lateral to the flexible 
upright back bars The lateral or side sections 
are fitted with a leather strip b) means of 
which they may be slipped over one of the 
anterior or posterior rigid uprights Two inch 
pressure must be allowed at each lacing The 
posterior corset lacer may be divided mto an 
upper and lower section to enable it to con- 
form more efficientl) to a markedly deformed 
spine 

'The corset front is also held by leather 
strips to cither tlie anterior or posterior lateral 
extension bars Should the front section of the 
corset and the posterior lacer baxe to be 
attached to the frame or posterior lateral cx 
tension bar, both sections are sewn on the 
same leatlier stnp A strip of russet calf 
leather, with e)elets, is sewn to the section 
of the corset front on the side of the dne crest 
and the anterior superior spine A lacer xvill 
hold the corset front in place and maintain 
the contour of the anterior section of the pel 
vie frame A good support for tlie abdominal 
muscles will then be provided 

If no corset is desiretl, an abdominal jiad 


with corset stays will take the place of the 
corset lacing reaching from the symphysis to 
about one inch above the umbilicus The 
proximal end of the abdominal pad is held by 
straps and buckles around the anterior exten 
Sion bar Its distal section is reinforced with 
leather about one to one and a half inches in 
width, ending m a strap on either side to fit 
a buckle fastened to the low er section of the 
pelvic frame A narrower leather strap is sewn 
to the center section of the abdominal pad 
and Its ends are connected to the studs on 
the anterior connecting bar of the pelvic 
frame 

rmhhtng the Brace 

AH high carbon tool steel bars are nickel 
plated and the screws arc replaced with new 
ones Wherever possible, finer set screws, 
such as "^lo inch and *3r inch screws, should 
be used throughout 

The pelvic and thoracic frames are cov 
ered with russet calf leather Light felt pad 
ding IS placed on Iho thoracic frame at the 
axillae The leather is moistened m water and 
sewn to the frame with a single foot shoe 
maker machine Tlie clavicular pads are pad 
ded on the inside with k inch felt and covered 
with chamois or meduim weight horsehide 
The corset lacer and corset front arc rem 
forced with corset stays To prev ent the corset 
stavs from protruding through the fabric, 
short leather strips are sewn over the ends of 
the corset stays and the fabric material is 
bound with tape 

The yoke which had been cut to proper 
length and slotted is nickel plated and cov 
ered with russet calf leather The external 
covering of tlie yoke is cut long enough to 
cover the studs of the infraclav icular pads 

After the brace is assembled, the double 
frame hinge is covered with leather At the 
ends, a 1 incli section of leather is sewed to 
the underside of the leather to form pockets 
into xvhicli the double frame hinge will slip m 
order to prevent wear and tear on clothing 
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BUILDING THE ACTIVE CORRECTING 
SPINAL BRACE 

Preparatjofj of the Plaster of Parts Model 

The plaster of Pans model on which the 
molded leather sections for pelvis and dorsal 
pressure pads have been stretched is placed 
on the turntable and plumb lined according 
to the instructions given for the passive sup 
porting spmil brace The tracing of the pel 
\ic frame with the anterior connecting bars 
IS exactly the same as for tlie supporting 
brace 

The double frame hinge is drawn on the 
model with the joints in the plumb Ime Tlie 
lower hori 2 ontal section of the hinge carries 
an extension for fixation of the posterior lever 
arm This extension is unilateral on the side 
of the cuHiature and about one and one half 
inches long 

The thoracic pressure pad is drawn on the 
model at *» level and in the direction deter 
mined by x ray examination Its size varies 
wth the requirements of the individual case 
The force exerted by this pad should act on 
the thoracic cage in the direction of the course 
of the nb which leads to the vertebra at the 
apex of the curvature The long axis of the 
pad is not horizontal being lower in front 

Next the posterior lever arm to which the 
thoracic pressure pad will be attached is 
traced on the model It will pivot on a short 
extension of the pelvic frame which xvas ob 
tamed when it was forged The posterior 
lever arm is constructed as an extension bar 
permitting adjustments of tlie level of the tho 
racic pressure pad Similarly the anterior 
supporting bar of the pressure pad is drawn 
on the model 

If shoulder straps are to be used supports 
for these are traced on the plaster model and 
consist of a right angle metal bar with the 
small arm horizontal and nveted to the tho 
racic pressure pad and the long arm con 
stnicted vertically upw’ard ending in the 
plumb line at the proper lex el 


Specifications and Preparation of Parts 

1 The double frame lunge is forged to the 
size of the draw mg on the plaster model from 
high carbon tool steel or stainless steel to 
's inch by ®io inch On the side of the curxa 
hire an extension of about 1’^ inches long is 
welded or brazed to the double frame hinge 
The jomls of the hinge are squared and must 
work freely Slots for inch screxxs are filed 
into the horizontal sections of the bar Holes 
for the 532 inch screws are drilled ’ i inch apart 
for the poslenor lever arm 

2 The pelvic frame is forged from high 
carbon tool steel or stainless steel to a thick 
ness of about Is inch by & inch according to 
the size of the brace to be constructed The 
outside surfaces with the exception of the 
\ertica\ section of the pelvic frame ate hex 
eled On the side of the curvature of the 
spine the vertical section is elongated and 
forged wider at tlie upper angle to bold the 
mam pivot for the thoracic lexer arm 

3 The front connecting bars are cut from 
the same material as the pelvic frame Slots 
for adjustments and studs for the front straps 
are added to the front connecting bars 

4 The material for the thoracic pressure 
pad is cut from 16 gauge stainless steel and 
15 not to be more than Ih inches wide A 
reinforcement bar of about k inch by inch 
IS nveted to the entire length of the pad Its 
ends extend to contact the posterior lever 
arm and the front supjwrting arm which will 
cany a semi ball and socket joint 

5 The postenor lexer arm is made as an 
extension bar with its mid section forged 
wider at the side of the pivot on the pelvic 
frame and at the lower end where it will be 
attached to the extension of the double frame 
hinge The upper extension bar of the lever 
arm carries a semi ball and socket joint The 
antenor supporting bar is also made, as an 
extension bar with its upper portion fitted 
with a semi ball and socket joint This ar 
rangement will permit the thoracic pressure 
pad to pivot slightly on the bars and exert a 
full surface pressure on the thorax 



Ortliopedtc Appliances 


56 

6 If shoulder straps are to be used a bar 
IS made for their support It is bent at nglit 
angles Mith one arm riveted to the thoracic 
pressure pad At the end of the longer arm a 
small metal plate with a stud or bucUe is 
added to v\hich the shoulder straps arc fas 
tened 

7 Two and one half ounce moldmgleather 
IS used for the pelvic section of the brace and 
the thoricic pressure pad and six ounce 
aniline strap leather for the front and slmulder 
straps 



Tic 8S Molding leatlier is stretched over the 
model for an active correcting spinal brace with 
a left lumbar and a nght dorsal pressure pad 
Tlie leather sections are molded over die sheet 
metal pressure pads Tlie steel skeleton is not 
yet applied A strop holds the pelvic section of 
the leather close to the ihac crest 

Building ihe Brace 

The pelvic frame is hammered on lead to fit 
over the molded leather section on the model 
The procedure described for the passive sup 
porting spinal brace is followed 

The fitting of the pelvic section docs not 
differ from the description for the passive 
supporting spinal brace 

Correct placement of tlic thoracic pressure 
p ul IS checked hy x ray of the spine with the 
patient wearing tlie brace standing iipn^t 
Wien the thoracic pressure pad is properly 


placed and connected with the pelvic frame 
b) means of extensions of the posterior lever 
and anterior supporting arm it is important 
to study the effect of the tlioracic pressure 
pad on the position of the pelvic frame 
If the spine is not freely movable and can 
not readily yield to tlie corrective force or if 
loo much correction is attempted there will 
be a tendency for tlie pelvic frame to rotate 
and lose its proper position on the body This 
must be counteracted not by altering the well 
fitted pelvic frame but by diminishing the 
corrective force of tlie thoracic pressure pad 
and if necessary by introducing additional 
forces to hold Ihe pelvic frame on place SiicJi 
forces are a tiochantenc pressure pad at 
tached to the pelvic frame on the same side 
as the thoracic pressure pad and a perineal 
strap on the opposite side If x ray control 
has shown the desired action of the correcting 
force and if the fitting of the pelvic frame 
has been assured the brace is returned to the 
shop for the leather work 

rimsbing ihe Brace 

The molding leather of the pelvic section is 
taken off the brace and its edges arc smootlily 
finislied and sandpapered Tlie edges are then 
moistened and rubbed to a luster finish with a 
dry cloth A thin coat of wlute shellac is 
applied to the leather The rivet holes m the 
steel frame arc countersunk and all screws 
are checked and replaced if they are worn 
Tlie pelvic frame is polished nicked plated 
and rivetetl to the molded leather pelvic see 
tion Tlie pelvic frame is then covered with 
a moistened russet calf leather which is eitlier 
sevvai on by hand or by a single foot shoe 
maker machine The lining which may con 
sist of good ciiamois or medium weight horse 
hide is pasted into the pelvic section and 
sewn around the edges Tlie small stainless 
steel plate prepared in the event that slioiil 
der straps arc needed is padded slightly and 
covered with liglit leather The brace is then 
assembled 
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THE CELLULOID OR FIBERGLASS 
SHELL 

In ihf* treitmcnt of pathological conditions 
of the spine requiring support, correction, or 
both the forces introduced by appljing a 
spinal brace should not be limited to the time 
when the patient wears the major appliance 
but rather for twentj four hours each day In 
addition to the spinal brace, treatment must 
include an orthopedic appliance of celluloid 
or fiberglass to be used at night 
The technique for making a mold for such 
an appliance for the back was described in 
Chapter 1, pages 19 to 21 When the nega 
tive mold is dry, it is prepared for casting b) 
building up lateral walls on the four sides 
Plaster of Paris cream is then poured into 
the mold, which is discarded w hen the model 
IS dry 

After the plaster of Pans model has dnetl 
and been sandpapered, it is read) for the ccl 
luloid or fiberglass work provided tint the 
final appliance is to be used for support and 
immobilization with the patient m a rccum 
bent position This would apply to cases of 
tuberculosis or osteomyelitis of the spine, cer 
tarn ty^ies of compression fractures of the ver 
tebrae, and for postoperative care after sur 
gety for fusion of the spine If, however, tins 
orthopedic appliance is intended to maintain 
correction of a deformity, particularly a sco 
hosis, this plaster of Pans model requues 
much more correction than the model for a 
spinal brace 

Corrective forces are introduced by remov- 
mg plaster of Pans with a draw knife from 
prominent parts especially from the postcro 
lateral aspect of the thorax on the convex side 
of the spmal curve, and at two places on tlic 
opposite side— usually high up toward the 
axilla and low down at the pelvis between the 
iliac crest and the trochanter Tins mtroiluces 
the three point system in the frontal plane 
Wlien the oithopedic surgeon has approved 
the correction of the model its surface is 
again smoothed out by means of thm plaster 
of Pans cream and sandpaper 


Wherever it is available, fiberglass should 
be used in preference to celluloid for this 
appliance as it is lighter in weight, less bulky, 
and can be easily washed and disinfected The 
technique for its use will be described in 
Chapter 5, pages 164 6 

Materials for the Celluloid Shell 
3 pounds white celluloid scrap 
2 gallons commercial acetone 
2 } ards burlap or glass cloth 
’’x’Kinch steel reinforcement 
1 yard linen for covering the felt 
1 sq yard white orthopedic felt 

On the front (flat side) of the corrected 
model, nails are placed about tw o inches apart 
in order to fasten the cord which will hold m 
place the component layers of the celluloid 
shell After the plaster model is covered with 
stockinette one half inch while orthopedic 
felt is stretclicd over the entire model, reach 
mg from the pelvic region up to and well over 
the shoulder and covering both lateral sides 
w ell dowm to the working bench The felt pad 
IS held to the model by enss crossing a cord 
back and forth over the nails until the felt pad 
IS securely fastened to the model Wax paper 
is then placed over the felt pad to act as a 
parting agent between the felt and the shell 
A sheet of burlap or glass cloth is placed over 
the entire model and firmly attached by fre 
quent turns of cord Extra heavy celluloid 
cream is pressed into this layer This proce 
dure IS repeated for tlie second lay er of bur 
lap or glass clotli Two bars of fe mch x h 
inch steel are then fitted to the model, begin 
nuig at the pelvic region and extending up 
and over the shoulders Two bars of the same 
size are placed on the lateral sides of the 
model One horizontal bar is then placed be 
low the iliac crest and another over the shoul 
der ending m tlie axiUar region If a head 
piece is needed a center bar from the pelvic 
region to the center of the head piece is 
added Loose hemp cord soaked in celluloid 
cream, is pressed along the edges of the steel 
skeleton to insure perfect imbedding of the 
bars The third layer of burlap or glass doth 
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IS then placed over the model nnd hdd in 
place by the cords The entire surface of the 
shell IS then painted with scaeral coats of 
celluloid until a smooth finish is obtained 
When the celluloid shell is completely dry 
it IS removed from the model for fitting If the 
model has been well prepared the patient will 
be able to lie comfortably in the shell and 
receive the necessarj support and correction 
Tlie shell is cut to the proper size giving 


freedom to arms and neck (if made without 
a head piece) 

The felt pad which had been kept separ 
ale by means of the wax paper is co\erecl 
with white linen and tufted like a quilt The 
inner side of the shell is then painted with 
celluloid or lined with horselude and the 
edges are finished smoothly Eyelets m each 
comer of the shell and lacers sewn to the 
felt pad will hold the pad in place Finall) 
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Fig 37. FibcrgUss bed without head piece. 


straps may be applied to the pelvic and chest 
regions on the shell in order to hold the pa- 
tient in the shell while he sleeps if this is 
required. 

In this chapter, we have aimed primarily 
to discuss construction principles for the most 
efficient spinal braces and to describe their 
manufacture. Limiting ourselves to appliances 
which we have found most successful in the 
treatment of various spine conditions, we have 
given detailed accounts of tlie passive sup- 
porting and the active correcting spinal 
braces, as w'cll as the celluloid and fiberglass 
shells for supplcmenlarj' use Tliese are suit- 
able for almost es’eiy indication and, at the 
same time, represent good examples of the 
practical application of construction princi- 
ples. 

Tliere are, however, many other solutions 
to the problems discussed in this chapter. 
^\^llIe it is not the purpose of this manual to 
describe or even enumerate a great number 
of individual brace constructions, a few ap- 
pliances deserv'e to be mentioned, especially 


those which differ in principle, materials, or 
techniques from our standard models. 

THE CELLULOID CORSET 
This constniction is frequently used to sup- 
port and maintain the position of the spine in 
place of a plaster of Paris cast. It is very 
light, fairly durable, and cheaper than many 
other braces. Its indication, however, is lim- 
ited particularly by the fact that it intro- 
duces only moderate forces and does not per- 
mit later adjustments. In prescribing such a 
corset, one must remember that the skin of a 
number of patients is sensitive to celluloid. 

The plaster of Paris model should be care- 
fully prepared for a celluloid corset in order 
to obtain the desired action of the brace and 
to avoid pressure on bony prominences. This 
is all the more important as only minor altera- 
tions can be made on the finished product. 
The Alanufacture of a Celluloid Corset 
Tlie plaster of Paris model is covered with 
wax paper in order to prevent the celluloid 
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from idlicring to the model A first hjcr of 
gauze or stockinette is then applied and the 
celluloid acetone solution of a s)iup like con 
sistency painted on with a heavy brush Foiir 
or five coats of celluloid will be used for each 
hyer of gauze or stockinette an<l rlepcmtlmg 
on the size of the brace four or five Hjers of 
gauze or stockinette %\ill be necessary After 
the final coat is applied to the last layer the 
corset should be kept on the model for at 
least twent) four hours It is then cut in 
front along the midlme of the body and taken 
oil the model Finally, tlie «aa pajier is re 
moved and the inside of the corset is treated 
\\ ith sandpaper 

If the fitting does not take place on the 
same day the corset is replaced on the model 
If this is neglected the edges w ill turn inward 
and the corset will lose its shape After the 
corset IS fitted and trimmed, the etiges arc 
sandpapered and finished bj rubbing with a 
piece of cloth dipped in celluloid until a 
smooth finish is obtained If a smooth sur 
face cannot be obtained by sandpapering the 
inside a dim coat of celluloid ma) be ap 
plied The cut edges m front are fidetl wilb 
long barreled books for the lacing 
As a rule the light celluloid corset requires 
no steel reinforcements If, however metal 
parts must be added m an individual case 
the^ should be riveted to the outside of the 
corset They should not be placed between 
the layers of gauze or stockinette 
At present fiberglass is frequently preferred 
to celluloid for such a corset The fiberglass 
appliance is thinner and lighter and also more 
rigid than the celluloid corset Tins rigidity 
however ma) be a disadvantage for some 
patients who do better with tlic more flexible 
celluloid 

THE LEATHER CORK CORSET 
Another brace construction of distinct 
merit the leather cork corset was introduced 
b) G Ilohmann • The purpose of this ap 

•Profesior Dr Georg IIol mann D rector Ementis 
Orthoped c Hospital of U e Uni'crsity of Munid 
Cetmany 


pliance is to support the spine and the thorax 
m coses of the most severe deformities with 
marked shortening of the cranio caudal diam 
cter of the tliorav caused by gibbus kyphosis 
scoliosis or a combined deformity Tlie brace 
aims to supply the kind of support which one 
could give to the tliorax by bracing it from 
below with both hinds The basic form of 
such a support is similar to the shape of a 
flower pot and it has therefore been termed 
Flower Pot Corset by Schrader 



Tic 38 Fixed dorsal kypl osis of 1 ighest de 
gre supiKirted by a flower pot conet After 
Schrader (from G Ilohmann Ortl op idischc 
Aj/iaraie und Bandagcn Stuttgart 193S cour 
tesy Fertlinaud Enke) 

The Manufacture of the Leather Cork 
Corset 

A plaster of Pans cast is made under mod 
crate suspension of the body The diac crests 
and the latei-nl wall of Uie thorax especially 
the distal ends of the ribs are carefully mold 
cd Molding leather is molded and nailed 
to the model m two parts one for each half 
of the thorax The tceliniqiie is similar to the 
one described for the leather work in the 
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manufacture of tlie active correcting brace degree of extension of the spine, 

(page 56, point 7) Tlie leather will con- Emploasizing that it is light in weight and 
form to every detail of the model, its sur- provides a firm seat and good support, Hoh- 
face will therefore be rpiite irregular. To mann lias reported consistently good results 
reinforce the molding leather and to pro- m selectetl cases throughout the years with 
duce a more ccpial external surface, a paste this type of leather-cork-corset. Our expe- 
consisling of cork-meal and celluloid is ap- ricncc has been equally encouraging, 
plied until the desired contour is obtained. 

Light steel reinforcements, arranged in the For treatment of scolioses and kj’phoses, a 
vertical axis of the corset, may be embedded number of spinal braces have been designed 

in the cork-meal celluloid paste. Wlien the in recent years, according to the construction 

leather-cork part of the corset is completely prindples based upon the action of a three- 

dry, it is taken from the model and fitted. If point system Tliey introduce a strong cor- 

the fitting is satisfactory', the two halves .ire reeling force acting on the apex of the main 

cov'cred with could and united b)' means of a curvature by means of a lever which pivots 

lacing in the front and back, similar to the on a pelvic frame. The action of such a brace 

old-fashioned woman’s corset A strong, one- depends, first of all, on the pelvic franie 

inch strap of webbing with buckle is applied which has to be carefully fitted and of suffi- 

just above the iliac crest in order to increase cient strength to retain its position when the 

the concentric pressure of the two halves of correcting force on the spine is introduce^! 

the molded corset and to effect a moderate by adjusting the lever. The appearance (>f 



Fig. 39 Lealher-cotk-corset (after Hohmann), suitable for a fixed k-j-phoscoliosis wliere 
support is required but no correction is attempted. 
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a. b 

Fic 40 llo? manns single Ic^er (a) and double lever (b) corset /or correction of C 
and S shaped scoboses (Redrawn from C Hohmann Orlhopadische Apjarate and 
Bandflgcn Stuttgart 1038 courtesy Ferdinand Enhe ) 

some of these braces is similar to our active tliey are not of the supporting type Hoh 
correcting spinal br loc The) must be desig mann has designed such a brace wth one or 
nated as passive braces however even if two levers (Fig 40) 
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THE JEU'ETT inTEREXTENSION orthopedic appliance is available commer 
BACK BRACE cially, \se prefer to make it to the patients 

The Jewett hj-perextension back brace and individual measurements and tracings A dis 
Its modifications present a classic example of tinct adv'antagc of this appliance is that it can 
the three point s) stem of forces Bightlj.ithas be completed withm one da) It is frequentl) 
found its definite place in the treatment of preferred to the passive supporting spinal 
patholog) of the spinal column WHiile this brace for acute coiulilions of the spine 



Fic 41 The Jewett Hy’percxtension Back Brace (a) metal skeleton 
(b) brace completed (c and d) brace on patient Three point s>stem 
of forces is clearij demonstrated 
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THE ANTI.GRAV1T\' SPINAL BRACE 
BY Alfons R Glaucitz 

The anil gravity spinal brace for the treat- 
ment of juvenile k)'phosis, eviggeratcd lordo 
SIS, congenital absence of abdominal muscula- 
ture, frequentlj associated with mcgacolon 
(Hirschsprung’s disease), and piraljtic (ac- 
quired) abdominal wall, has been used on 
relative!) few patients Its results, however, 
justifj its inclusion in this manual Without 
the extension head piece, its use for postural 
lordosis IS well established 

The pnnciple undertying its corrective 
forces IS based on tlic three-point pressure 
sjstem The fulcrum of the force is located at 
the sacrum, with the most proximal pressure 
point at the apex of the Icj'phosts Corrective 
forces to tilt the pelvis and flatten the lumbo 
dorsal region are supplied by leather straps 
leading from the iliac crest to the posterior 
bar 

For Its construction, we use the same mold 
ed leather pelvic frame described earlier in 


es 

this chapter for tlie active correcting spmal 
brace To this frame, w e add a posterior bar 
consisting of 1 inch x ho inch, 6061-T4 alurO- 
mum and a honzontal steel crossbar about 4 
inches in length To the distal and proximal 
ends, steel hinges are added to fasten to the 
pelvic frame and kjphosis pad On the ihjic 
crest, an extension to the height of 1 inch x 
IJ* inches is added to hold the leather strap 
which leads to the steel crossbar holding the 
buckle The k)'phosis pad is rather heavil) 
p-vdded to provide greater comfort to the 
patient 

To appl) the brace, the pelvic section is 
fastened securcl) to the patient The patierit 
then flexes lus trunk at the hips until the lurn* 
bar lordosis is flattened While the patient is 
still m this position, the mexhal and latenti 
leather straps are fastened to the buckle on 
the posterior bars If the brace is equipped 
wnth a head holder, care must be taken to 
provide suIBcient head elevation and, at the 
same time, enable the patient to elevate hiS 
head slightly above Uie head piece 
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THE AMERICAN MILWAUKEE BRACE 
UY Alfovs R Glaubitz 

Since the original introduction of the first 
American Milwaukee brace several changes 
ln\e been imdc to streamline this appliance 
winch has its aailue in preoperatne and post 
operative treatment of scoliosis 

In our construction of this appliance, ^ve 
use a rigid molded leather pelvic section, sim 
liar to that designed for the active correcting 
spinal brace We replace the leather strap 
and buckle with a steel plate on the posterior 
opening of the Milwaukee brace so that we 
do not have the double frame hinge used for 
the active correcting brace Good results 


piece of the brace During the period of 
treatment there must be frequent check ups 
b) the orthopedic surgeon and the bnce 
maker 

SUPPORT FOR THE CER\'ICAL SPINE 

A word must be added about the difficult 
problem presented bv diseases of the cervical 
spine that require support, fixation or un 
weighting The necessity of introducing a 
strong force which acts on the head like a 
Clisson sling is always unpleasant for the 
patient especiallj m the male adult where 
the growing beird causes an imfafion at the 
dun part of the brace 



Fic 44 Tlie Amencan Milwaukee Brace 


Inve also been obtained by replacing the 
spinal pressure pad with derotating opposing 
leather pull straps 

Treatment with the Milwaukee brace de- 
pends upon the correct lateral pressure on the 
spiml column from within the brace While 
head traction must be constant, over entlni 
siasm should be avoided Tlie head traction 
must be held at a level enabling the patient 
to elevate his head shghll) above the head 


A support for the cervicil spine ind the 
head may be pirt of a supporting spinal 
brace In this case, it is generally built upon 
tlie infraclavicular thoracic pressure pads In 
some instances, such an appliance is indicated 
for the treatment of a defective posture of the 
neck and tiie head, where no spinal brace is 
required- The foundation for the supporting 
or correcting force is then supplied by a joke 
which rests on the shoulders Tlie entire ap 
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LOWER-BACK BRACES AND SUPPORTS 


DOMiNAL SUPPORTS and sacroiliac bells, of 
ten purchased without any medical supervi 
Sion, are the orthopedic appliances second 
only to arcli supports that are most commonly 
demanded by the public The reason for their 
popularity is the large number of conditions 
coming under tlie collective term ‘lower bach 
pam," a ^ague expression that may mean 
much, little or nothing 

In contrast to the first edibon of this text 
we are eliminating all references to the diag 
nostic aspects of lower back pain which have 
led to prescriptions for the appliances to be 
discussed in this chapter This point of dif- 
ference from the original volume is mam 
tamed throughout this manual, as we are 
concerned here only with material that is 
strictly related to the principles and practice 
of brace construction 

Limiting our discussion to the causes of 
lower back pam which belong to the field of 
orthopedic surgery, the following three groups 
may be distinguished in order of frequeoc) 

1 Lmvei back pain of postural origin Tins 
means pnin caused by conditions related to 
the statics and d)Tiamics of the "upright pos 
ture" 

2 Lower-back pam caused by disease of 
the bones, muscles and ligaments of this re 
gion 

3 Pam which is referred to the lower back 
from higher sections of the spine Tins rc 
quires a spinal brace, as indicatetl m the 
previous chapter 

Tlie first group is fay far the largest, rep 
resenting the majonty of conditions for whidi 
an orthopedic appliance of the lower back 
1)^)0 is indicated 


One important exception, liowever de 
senes detailed discussion Mans erect cir 
riage, graduallj developed in the course of 
evolution, has mfrodiictd certain static anil 
d)namic factors vvhicli are of prime impor 
tance in orthopedic mechanics and which are 
therefore frequently touched upon m this 
book Tlie principal diange m establishing 
the upright position fell upon the pelvis, 
which has liod to adapt itself to fulfilling tlic 
tlireefoJd task of weight hearing, weiglit 
transmission, and movement 
By reason of their anatomical structure and 
tlieir conjoint act ion, the low er extreTnitics, the 
peins, and the lower spme represent one 
mil, a kinetic chain of links Any alteration 
in shape position and function of one of the 
links affects the entire chain This phenom 
enon is readily understowl when observing 
the static ami dynamic structure of botli legs 
and of the pelvis Von Baejer lias coined tlie 
term “geschlossene Gliedcrkette," which means 
a closed chain of links If a person stands on 
botli feet, such a closed chain is formed for 
example bv Ground— left foot— left lower leg 
—left tlugh— pelvis— right thigh— and back to 
the ground through the corresponding links on 
tlie right side The ground represents the 
final link m this closed chain Tlie motion of 
the sole of the foot on the ground occurs in 
what may be considered as an additional joint 
and may, therefore, be termed “Aussenge 
Jenk,” that is, an extrinsic joint If m tins 
closed chain one knee joint, for example, is 
fiex«I from full extension to 155® flexion, tJie 
relative position of the other links m the chain 
immediati,!} changes Flexion of the left knee 
joint causes dorsiflcxion of the left ankle joint. 
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Fic 47 The principle of a “closed clnm” (von Bie\er) Flexion of the left hnee from 
180® to 1S5® changes the angles nt the left ntiVle joint anil both hip joints as sxell as 
the posibon of (he pelvis and the spine 


abduction of the left liip joint and downuard 
liUmg of the left side of the pelvis Likewise 
a valgus position cif the heel abduction of tlie 
forefoot and external rotation of (he entire 
leg mfluence the position of the pels is parlicu 
larly its inclination and subsequenllj the de 
greo of lumbar lordosis With the aid of this 
example we realize that the position of llie 
foot lias a duect influence on more proximal 
sections of the skeleton through (lie closed 
chain An understanding of the mechanism 
of the closed chain explains the fact (hat low 
erback pam is frequenllj caused by defonn 
it) or malaligiiment solel) of the feet which 
leads to a secondary malposition of the pelvis 
Wc haie found (hat abnormal conditions of 
the feet are responsible for approximate!) 50 
per cent of the cases of lower back pain m 
group 1 

In a certain percentage of cases the post 
tton of the feet is parti) responsible for lower 
back pain as for instance m the large group 
of indiiidinls suffering from mesencli)'mal 
insuflicienc) (Banderschlafnicit”) who ei^ibit 
the s)’ndromc of weak feet \ancose\cins re 


l1xed pelvic floor atonic abdominal muscles 
and increased lumbar lordosis or some of its 
components 

We may now proceed to discuss the con 
struction pnrciples of the ortliopedic ap 
phances for this region together with the me 
chanical cHects which ma) be expected of 
them 

The more important mechanical pohlems 
iniohcd will be made easier to imders and by 
an analysis of the peliic architecture in the 
standing position According to H Braus in 
the upnght standing position the promontoiy 
and die points of rotation of the legs m the 
hip joint he in a \ertical plane Tlie pelvis m 
this plane has the form of a barrel or tunnel 
vault which bears the weight of the torso and 
distributes it over both thighs Tlie vault is 
formed by both ilia and the sacrum "Within 
it IS a state of tensile stress The springy ten 
Sion of the pelvic structure is responsible for 
the high degree of stabilit) of the pelvis and 
the elasticity of the gait Tlie tensile stress 
acts on the sacroiliac joints as well as on the 
s%mph)Sis Tlie arrows (Fig 49) show the sig 
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Tic 48 Center of gravity and weight distnbu 
tion in the upnght standing position (from H 
Bnus Anatomic des ilenschen. Band I, Berlin, 
1921, courtesy Julius Spnnger) 

nificance of tlie form and position of the sac- 
rum as the keystone of tlie pelvic arch, which 
IS braced by the buttresses of the ilia and the 
beam action of the pubic structures, and 
readily suggest the consequences of displace- 
ment or relaxation of its junctions 


We learn from these considerations where 
and how a mechanical support for an im 
periled or already weakened vault must act 
In architecture, a transverse, horizontal beam 
IS fastened with brackets to tJie buttress on 
each side, tlierehy diminishing the tensile 
stress in the arch of the vault As intrinsic 
bracing of the human pelvis is impossible, an 
extrinsic construction must be chosen to fulfill 
the same mechanical purpose Tins is ac- 
complished by bracing the pelvic ring with 
the aid of a circular strengthening hoop The 
hoop must be firm (non elastic) and, to act at 
the right site, it must he between the iliac 
crest and the greater trochanter For practical 
purposes, the desired result is obtained most 
simply with a one incli strap of webbing 
winch encircles the pelvis between the iliac 
crest and the trochanter and is fastened in 
front vv ith a buckle The effect of this simple 
appliance is often quite startling It maj 
therefore be used as a test before constructing 
a more complicated belt Tlie principle of 
“hoop effect” must also be bomo in mind in 
connection with the larger orthopedic ap 
pinnees, to be disatssed later 
Having studied the mechanical basis in the 
frontal plane of die upnght body, we must 
now discuss conditions m the sagittal phne 
Here, we shaU have to consider pelvic inch 
nation, lumbar lordosis position of the body's 
center of grav ity, and tension of the abdom 
inal wall Tension of the abdominal wall and 
position of the center of gravity are compar 
ftasv Jo MBije-ocr rbrecily Pelvic in- 
clination and lumbar lordosis .ire mucli more 
difficult to influence, and sometimes tins must 
be done indirectly as for example, by clnng 
mg the height of the heels worn by the p.a 
tient In this situation, relaxation of the con 
tracted sacrospinal muscles plays a certain 
role 

At this point we must mention auxiliary 
forces which, for the sake of their practical 
results, an, more w idcly used than would he 
justified from a mechanical point of view We 
particularly refer to pressure pads in the lum- 
bar and sacral region which appear to con- 
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Fic 49 (a) Weight stress transnussion through the pelvic arch (b) "Hooivnction'’ 
b> means of a simple strap worn lietween iliac crest and trochanter 


stitute the principle portion of commercial 
saeroilnc belts The adiertised success of 
man) of these belts is commonh attnbuted 
to the particular shape of these pressure pads 
Tliere is no doubt that such pads often exert 
a subjcctivel) pleasant supporting effect But 
essentially they serve merelj as “reminders” 
the) rtmind the wearer of the necessity of 
better posture through active muscular work 
being thus comparable to Spitzv s "Kiigel 
einlage” (page 153 Fig 115) for the treatment 
of pes valgus in children On the other hand 
authorities such as Hohmann have stressed 
the importance of exact molding of the pos 
tenor surface of the sacrum in preventing up 
ward displacement of the effective force and 
thus avoiding an increase in the lumbar lor 
dosis Such a sacral support or pad may read 
il) be incorporated in an apparatus which 
otherwise fulfills the two mechanical prin 
ciples discussed in detail 

If however a pathological inclination of 
the pelvas is to be combatted additional forces 
must be introduced for example at the lever 
arm of one or both thighs 


Referring once again to the simplest ap 
phance the strap for “hoop action” around the 
pelvis I shall describe our favorite abdomff^ol 
belt and the /linked lower bad brace To dis 
cuss or even list the countless partly effective 
and parti) useless belts abdominal supports 
and braces which are prescribed and used for 
Uie relief of lower back pain would fill a >ol 
wme m 

Although individualized brace construction 
IS imperative in the fidd of orthopedics a 
brace sliop will work most efficiently if it cm 
plo)s several standard models which have 
stood tlie test of experience As in other 
chapters we shall limit ourselves to a descfip 
tion of those constructions which have pro' cd 
most valuable 

POLO BELT 

The large number of patients with postural 
lower back disabiht) of muscular origin re 
quires more than just “hoop achon around the 
pelvis” without having to resort to an abdum 
mal belt or surgical corset A polo belt of 
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strong non clastic material, 5 inches wide, 
and fitted with leather straps and btidilts, 
gi\es a firm support to the lower-back, as well 
as to the abdominal w all Tins standard 
equipment of liorscmen is frequently used by 
long distance drivers to avoid fatigue and the 
resultant muscle stiffness and pain Tins ap 
pliance deserves a trial before the clastic ab 
dominal support is prescribed 

ELASTIC ABDOMINAL SUPPORT 
The elastic abdominal support, introduced 
m 1936 by William J Kerr and John B 
Lagen, fulfills all the postulates of such an 
appliance so completely that I regard this belt 
as the one of choice, although its manufacture 
and fitting are not easy Tlie belt is constructed 
with the physiological function of the abdoin 
mal wall in mind and is designed to supple 
ment and aid rather tlian to replace the ven 
tral muscles Specifications, according to the 
authors, are as follow s 
The appliance is made of coutil, pekinstripe 
cloth and elastic goring, and is fastened on by 
skate buckles and hooks Tlie front and back 


Fig 50 The influence of an effective abdom 
inal belt on posture 


sections are of double tliickness, the outer 
layer consisting of high quality coutil and the 
inner of pekinstripe cloth Tlie latter, which 
IS soft and fine, prevents chafing of the skm 
Both sections are tailored or fashioned The 
back section, 5k mclies in height, has three 
double stays of whalebone, with a seam at 
each, which permits the support to be fash 
loncd to fit the outline of the patient In ex 
trenie lordosis, the cloth section in tlie back 
may be extended up to the twelfth thoracic 
vertebra and Iiave firm Alcoa aluminum 2024 
T4 or steel stays incorporated m it These 
stays should touch the body at ibe upper and 
lower etlges of the belt, thus bridging the 
lordoscd spine They should not be bent to 
fit the curve of the spine 

TIic left front section is fitted with hooks 
and the right with straps carry ing the buckles 
Tlie left front section extends across the ab 
domen as a flap about 6 inclies long The 
width of nch half of the cloth section across 
the front averages 2'» inches Tlie total width 
of the non elastic front which varies with the 
lightness of the belt, is 5 to 7 inches Tlie 
front fiap dips under the right side of the 
bell as It IS tightened 

Tlie elastic sections each consist of two 
pieces of firm elastic goring, 6 inches wide 
and about 7 inches long placed one above the 
other Tlie two pieces overlap about 2 inches 
m the center, giving greater support to tlie 
front center The lower piece of goring, fac 
ing diagonally downward towTird the front 
on either side, exerts an upward lilt rafticr 
than a straight posterior pull 

Tlie uplift strap consists of elastic and non 
clastic material Tlie front forked section is 
made of firm elastic webbing 11* inches wide 
whicli extends to a buckle placed toward the 
lop of the belt just bitk of the hip allowing 
tightening or loosening of the strap as de- 
sired Tlie diagonal uplift straps exert a sup 
porting rather than compressing pressure on 
the lower abdomen 

The belt IS fastened in front with six skate 
buckles and hooks, with die buckles slipped 
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Ftc 51 Elastic abdominal belt after \lilLam J Ken and John B Lagen (a) Side 
View (b) belt on pat ent (e) front view The insert si ows the lines of measurement 


over the hooks with the strap loose Each may 
then be tightened individually The extra 
length of strap is held up by slots at the 
origin For a lighter belt eyelets and lacing 
may be used instead of buckles and straps 
with a zipper added if desued This is fre 
qiiently preferred by female patients 

In a number of cases we have combined 
an abdominal belt representing the main fen 
turcs of the Kerr and Lagen type with a fash 
lonable brocade corset or an elastic girdle 
made to the patient s measurements Such an 
"inner belt corset” fulfills tlie medical indica 


lions without neglecting the requirements 
fashion 

Patients are instructed to put on the belt 
in a supine position over a thin garment be 
fore getting up in the morning and tighten Jt 
from below upward,.^his moves the abdorfl 
inal fat and viscera upward and does not 
compress them in the low er abdomen^ 

The unusual features of the belt are the 
height and particularly the width of the elastic 
side sections achieved by making the front 
narrow and permitting the side section to ef 
tend farther forward on the abdomen where 
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elasticity IS more beneficial tlnn toward the 
back Increased elasticity allows the belt to 
expand during inspiration This aids rather 
than suppresses abdominal breathing and pre 
vents Jimibng respiration to the thorax as is 
seen in obesity or where a firm non elastic 
belt IS applied Increased elasticity further 
aids in expiration overcoming the prolonged 
expiration in patients with depressed dia 
phragms caused by abdominal ptosis or em 
physema 

THE HINGED LOUVER BACK BRACE 

The hinged lower back brace used every 
where under different names is the apparatus 
which we most frequently use for treating 


cases of lower back pain Avhere the use of a 
lower back brace is indicated The apparatus 
fulfills the postulates of bracing the pelvis by 
the “hoop effect” the required influence on 
the abdom nal wall and the center of gravity 
To a certain extent it thereby influences the 
pelvic inclination and the lumbar lordosis 
and in addition gives the patient the feeling 
of support to his lower back which ht so fre 
quently demands 

This construction has several distinct ad 
vantages As a rule it is made to measure 
without a plaster of Pans cast it is very light 
scarcely visible under the clothing and adapts 
itself elastically to the body in all its move 
ments especially m the sitting position 




Ldu-ct Barf. Braces and Supports 


75 


Finally, this hinged lower bach brace maj be 
combined with or worked into a girdle, such 
as one of the tw o w av stretch elastic models 
which takes m the thiglis and assures a good 
cosmetic appearance 

Mafiujactiire of the Hinged Lotier- 
Back Brace 

(ByAuovsR Glaubitz) 

Tlie two pelvic components of the brace are 
made of stainless steel, aluminum or sheet 
steel Tliese parts are IS mches wide at the 
sacrum and Ih inches wide at their lateral 
portion The sections between these points 
slope toward the center to a width of inch 
Both pelvic components are hinged at (he 
S'lcrum with a continuous hinge If the com 
ponents are made of stainless or sheet steel, 
gauge 18 to 20 will suffice If they are made 
of aluminum, 031 type 6061 T4 material 
should be used 

The upper band is also made of two com 
ponent parts hinged posteriorly with a con 
tmuous hinge The upper components are 
curved dosvnward from the center to meet the 
slightly shorter lateral bars These parts are 
% inch wide and of the same thickness as the 
pelvic components Here, too, there is a 
choice of materials 

For the posterior upright, w e use h inch x 
bs mch type 316 stainless steel bars These 
uprights are m eted to the peii tc camponeals, 
Ih inches lateral to the continuous hinge The 
literal uprights should conform approximate!) 
to the contour of the patient 
The corset front is made of coutil with an 
elastic insert of not less than mches To 
close the corset front, it is best to use eyelets 
and laces This will gi\e greater support 
than webbing straps and buckles For the 
obese patient, it maj be advisable to place 
additional lacers in the gluteal region 
This brace permits many variations For 
the frame, we prefer 6061 T4 aluminum 
Pckmstnpc material is suitable for the corset 
front The frame maj be covered with leather, 
such as horsehide or russet calf The latter 
must be moistened before it is sewn onto the 


frame The entire appliance, including the 
corset front, mav be finished m brocade For 
slim patients, the corset front with lacing in 
the midline is most effective In cases of 
obesity, we have had very satisfactory results 
wnth a corset front similar to the elastic ab 
dominal belt It is important to cut the elastic 
inserts rather narrow 

This lower back brace demands exacting 
measurements for its proper height The size 
and condition of the patient will influence the 
length of the lateral bars and corset front 
For a very obese patient, the lateral bars 
will have to be shorter than the corset front 

To secure proper measurements, the length 
of the pelvic bands which form the founda 
tion of the brace must be determined first 
Starting above and one inch anterior to the 
greater trochanter on one side, one must 
measure over the sacrum just above the coc 
cy t to the other side until just above and one* 
inch antenorly to the greater trochanter The 
height for the posterior bars is measured to 
the level of the spinous process of the ninth 
dorsal vertebra In an obese patient, the 
posterior bars may be lowered down to the 
level of tlie spinous process of the twelfth 
dorsal vertebra ‘ 

The upper metal band should never be 
longer than lialf the circumference of the 
body at the level selected for the height of 
the brace There will be a lesser curve m 
the upper band if for instance, the height of 
the brace is lowered to the level of the twelfth 
dorsal vertebra We find die height of the 
literal bars by placing the tape measure just 
above the trochanter and over the iliac crest 
to a point where the two lower ribs can be 
enclosed 

Tlie corset front, beginning below the sym 
phvsis has usually the same lengUx as the 
lateral side bars but must extend one inch 
above the umbilicus In a case of obesity or a 
pendulous abdomen, a higher corset front 
will be needed 

After the measurements have been taken 
the metal frame is built according to speci 
ficattons The six metal parts are cut to 
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proper Icnj^th nnd width and the pclvjc ind 
upper bands nre hammered into '•hape and 
hinged Tlie posterior upnglits Jjammtred to 
the contour of the back must bridge the 
lumbar region because the uplift of the corset 
front Will tend to decrease lumbar lordosis 
The posterior bars are then rneted to the 
pelvic band and the upper band is tempo 
rarily attached to the posterior bars As men 
tioned abo\e the lateral bars must be shaped 
and riveted to the pelvic band 
Next the corset front is cut and sewn to 
gether A leather strip which is sewn on 
each end of the corset front is slipped over 
the lateral bars which arc temporarily at 
tached to the upper band At tins point the 
biace IS ready for fitting 
At the time of this fitting and usuall) onl) 
one IS 1 eeded the frame is adjusted to the 
patient s bodj with the aid of bending irons 
If necessary th* temporary rivets may be 
remosed from the upper hand on both sides 
so that the bars can be shaped more acairatc 
ly to the patient s contour Tlie height of the 
corset front is then confirmed and the brace is 
read) to be finished at the shop 
The patient is instructed to appl) the brace 
before getting up in the morning following 
the same procedure describ“d for the abdom 
mal belt 

THE WILLIAMS LUMBOSACRAL 
FLEXION BACK BRACE 
The Williams lumbosacral flexion back 
brace designed by Dr Paul C Williams is 
one of the most efficient lower back braces 
It has Its definite indication for correction of 
increased lumbar lordosis pelvic forward tilt 


and spondylolisthesis It has been successful!) 
used in certain cases of lumbosacral ridiculi 
tis whether the uritation of the spinil neiac 
roots is caused bv spondylosis or disc hernia 
tion Although it is commercial!) available 
we prefer to make it to the patients mdividual 
measurements 



Fig 53 \\ lliams Lumbosacral Flexion Bick 

Brace 
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APPLIANCIS FOR THt LOWER EXTREMITIES 


In constructlnc leg braces we are faced 
with two major problems created by the phy 
siological tasks of the lower extremitiCi sta 
bility for weight bearing and motility for loco 
motion Little can be accomplished by ortho 
pedic appliances for the motility of the joints 
of the lower extremities It is usuall) not the 
purpose of a leg brace to attempt a greater 
range of moNement of a partly ank)losed 
joint although this maj at times be accom 
plished b) a portative apparatus 
Locomotion can be improved technically by 
the introduction of basic elements to compen 
sate for lack of muscle tone and coordination 
as in tabes dorsalis or to substitute for the loss 
of active muscle power resulting from uifan 
tile paraljsis Tlie majonly of leg braces 
however are intended to restore the function 
of the lower extremities as a weight bearing 
support for the body This may merely re- 
quire bracing of a leg to pronde the stability 
that is lacking because of a deficiency of the 
muscles tendons and ligaments which nor 
mally stabilize joints in the weight bearing 
phase or for a deficiency of the skeleton as in 
osteomalacia Paget s disease or pseudartbro 
SIS Frequently unweighling of all or part of 
the extremity is necessary to eliminate stress 
or strain on a diseased bone or joint In these 
cases the unweighting may be part of the 
treatment or it may serve as a prophylactic 
measure m preventing deformities 
In addition to the portative apparatus we 
shall consider die construction of night braces 
for the lower extremities tliat are worn to cor 
rect deformities or to maintain a correction 
already obtained by constrv'ative or operative 
treatment 


From tliese considerations we classify or 
thopedic appliances for the lower extremities 
as follows 

1 Appliances which iinweiglit or substi 
tute for the entire leg or a part of it an<I 
which are almost equivalent to an artificial 
limb 

2 Appliances which support or stabilize 
the leg or foot 

3 Appliances which correct deformities 
or maintain correction 

4 Appliances which substitute for the ac 
tion of certain paralyzed muscles or for lack 
of muscle tone 

Brace construction fur the lower extremities 
IS not possible witliout careful consideration 
of the anatomy and physiology of the parts 
to be treated Tlie anatomy determines the 
proper site for the action of the forces which 
will be introduced by the brace Its study 
also reveals which part of the limb must 
not be subjected to pressure 

The tuber ischu represents an almost ideal 
support for the weight of the body which it 
IS made to cany in the sitting position It is 
therefore well equipped to transmit the body 
weight to the ground by means of an un 
weighting ischial seat brace if unweighting 
of the entire extremity is desired The thigh 
on the other hand offers no adequate founda 
lion for weight transmission The large bulk 
of muscles and fat covering the femur is too 
soft and too mov able Also the shape of the 
thigh changes according to the position of 
the leg It IS different with the patient stand 
mg up sitting or lying down as well as 
when the knee joint or the hip joint is flexed 
or extended These facts must be borne in 
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mind when taking a plaster of Pans cast of 
tlie leg It may be difficult to build a well 
fitting Hessing-t)pc kg brace for standing and 
walking on a model taken with the patient 
lying down \Vhile an encasing thigh brace 
will offer some auxiliary support as a result 
of friction betu een the brace and the surface 
of the thigh, a higher degree of weight trans- 
mission would require so much concentric 
pressure as to interfere seriously willi circu- 
lation and nutrition of the muscles, and cause 
great discomfort to the patient It is possible, 
howexer to gain a valuable hold on the 
femur and prevent the undesirable upward 
and downn ard movements of a brace by con- 
sidering the anatomical structure of the fe 
moral condyles (though not in an unweighf 
ing ischial seat brace) and molding the cast, 
and accordingly the brace, close to the medial 
and lateral region of the lower third of the 
thigh just abo\e the condyles In the popliteal 
region we must consider that on flexion of the 
knee, the tendons of the hamstrings, especial- 
ly of the biceps femons, are very prominent 
and extreme difficulty may be encountered if 
the thigh section of the brace reaches too far 
do^vn toward the popliteal space In the 
lower leg another part of the skeleton similar 
to the tuber iscliu seems to be prepared to 
stand pressure and cany weight Tins is the 
tuberosity of the tibia To a certain extent, 
it IS possible to transfer weight bearing from 
the tuberosity of the tibia to the ground in 
cases where an unvveighting of the ankle joint 
or the foot is desired Because the surface of 
file fufierosify of die rtiia fs aihiost aerrtcai' 
m the standing position, it is not always 
possible to solve the problem of weight trans 
mission to tins part of the skeleton Furtlier- 
more the eBciency of an unweighting brace 
limited to the lower leg can never be com 
pared to an appliance designed to offer com- 
plete unweighting at the tuber ischii The 
form and shape of the lower leg are almost 
consistent in every position and therefore do 
not represent the difficulties eneounlered at 
the thigh Prominent parts of the skeleton 
which may not be exposed to pressure by a 


brace are the patella, the crest of the tibia, 
the head and neck of the fibula with the 
peroneal nerve, the malleoli at the ankle joint, 
the tuber of the os calcis with the insertion of 
the tendo AchiUis and the distal part of the 
tendo Achillis proper, the dorsum of the foot 
in the mid-tarsal region, especially the joint 
between the first cuneiform and the first meta 
tarsal and, finally, the tuberosity of the fifth 
metatarsal bone Tins is of vital importance 
in hemophilia 

Trophic lesions of the skin, lack of sub 
cutaneous fat, or atrophy of the musculature 
increase danger of pressure over prominent 
parts of the skeleton Tliese conditions, as 
well as impairment of arterial or venous cir- 
culation, deserve special care in order to pre 
vent undesirable complications 

Tlie usefulness of a leg brace depends, to 
a large extent, on the proper placement of its 
joints This represents the chief problem in 
brace construction for the lower extremities 
The correct site of the jomt axes is well de- 
fined and described m textbooks on anatomy 
and physiology This knowledge is indispen 
sable for proper brace construction A leg 
brace made with knee and ankle joints will fit 
only if the mechanical axes coincide with the 
natural axes If this is not the case, move 
meats of the joints will cause friction between 
the brace and the leg, limitation of motion, 
or movement m abnormal directions To the 
patient, this means discomfort or pain and 
for a hemophiliac, there will be disability 
caused by joint hemorrhages This also pro 
dhew siSress" inr ikraw, ciVivify- nqnvsanrilai' 
by shearing forces which lead to frequent 
breakage of the brace or, at the very least, 
loosening of its joints It is therefore neces 
sary to determine the projection of the nat 
ural knee and ankle joint axes on the surface 
of the skm before starting brace construction 
regardless of whetlier a brace is made to a 
plaster of Pans model or built according to 
measurements and tracings of the limb to be 
treated In addition to correct alignment of 
the joints of the brace with regard to (he 
anatomy of the leg we must also consider the 
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proper relation of tlie joints to each other 
This means tliat we must secure correct place- 
ment of the hnee and the ankle joints along 
the weight bearing line of the extremity 

Every portative apparatus for the lower ex- 
tremities must be constructed with reference 
to the plumb line in order to guarantee correct 
weight bearing and a coordinated and c<*n 
gnient moxement of the joints with reference 



FiC 54 Axes and plumb-line of ilie lower 
extremity. 


to their axes In a normal leg in the upright 
position, the plumb line representing the cen 
ter axis of gravity of the extremity runs from 
the center of the hip joint through the center 
of the knee joint, the center of the ankle joint 
and hits the ground in the midline of the os 
calcis Tlie axes of the knee joint and the 
ankle joint form a right angle with the plumb 
line Depending on the deformity of the leg 
to be treated by brace constniction, we are 
not ahvays able to build a brace according to 
this scheme of the norm'll We aim however, 
at correcting the deformity tow'ird the nor- 
mal and must therefore attempt to design the 
brace eVase to the ruatvMi a% Tbece 

are, however, a few instances in which an 
exception to this rule is not only permissible 
but desirable, and where we use the mechani 
cal result from an incongruence of anatomical 
and artilicial axes to obtain a desirable change 
of the weight-bearing alignment of the e\ 
tremit) Such ellects are widely used in the 
construction of artificial limbs to facilitate mo 
Uon and to increase stability, and they are 
similarly useful in the building of leg braces 
If, for instance, in a long leg brace the posi 
tion of the knee joint coincides with the ana 
tomical axis, there wJl be no difference in 
the relationship between the lower leg and 
the brace, whether the knee joint is extended 
or flexed If, however, the brace knee joint is 
placed posterior to the anatomical joint when 
the k-nee is extended, flexion of the kmee will 
introduce a force which extends the lower-leg 
or distracts the kmee joint and which pushes 
the tibia anteriorly If an unweighting brace 
of the Hessing ty-pe is built with the knee 
joint placed posteriorly, flexion of the knee 
wall move the thigh section of the brace 
toward the abdomen, tliereby continuing the 
pressure against the tuber ischii m the non 
weight bearing phases 

From tlie foregoing it is apparent that 
proper placement of the joints of a leg brace 
constitutes a major problem in the construc- 
tion of these appliances At the same time, w e 
must consider every joint of a brace as a com- 
plicating factor for two additional reasons. 



80 


Orthopedic Appliances 



L B 


b 




c 

Fic 55 (a) The axis of the hnce joint of a leg Lrace coincides willi the natural axis 
of the knee Tlie relative position of lower leg and brace remains the same when the 
knee fs flexed (b) The Imee joint of the brace is placed posterior to tlie axis of the 
Anee joint rtVe ibg ii I’len tl^e ilnce is irexea’. Oie ibwer leg section of tlie iirace, to 
which the foot is firmly attached exerts tracbon in the direction of the longihidinal axis 
of the lower leg and pushes the Ubia forxvaid (e) If the knee joint of an unweighling 
ischial seat brace is placed posCenor to tbe axis of the natural knee joint, flexion of the 
knee (with the lower leg and foot seebon fixed) moves tlie thigh section toward tlie 
pelvis (From ilans xoii Baeyer Grund/agen der orthopridisc/ien Mec/ianik, Berlin, 
J935, courtesy Julius Spnnger ) 


1 A joint IS a weak spot To stand up 
under the stress of weight heanng anti mo 
tion, it demands sturdy construction and this 
increases the weight of a brace 

2 Proper construction of a joint entails a 
considerable amount of labor and this in 


creases the expense of tlie brace Elimination 
of one or more joints in a brace increases its 
stability and life, decreases its weight and 
cost, and facilitates its construction It is 
therefore wortliwhile to analyze each case to 
determine whether tlie brace must have a 
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knee joint ^nd an inkle joint or whether it 
might be equally or even more useful without 
one or both joints This decision w ill depend 
upon man) factors including the indication 
for the brace the general condition of the 
patient his occupation and his environment 
A middle aged heavy w eiglit farmer engaged 
m physical labor in rough country far from 
a brace shop and financially unable to afford 
two braces wll be much belter off with a 
jointless brace A child with infantile panU 
sis having a fair quadriceps but with a flaccid 
and severely deformed foot will derive no 
benefit from an ankle joint which he cannot 
control by muscle power His brace would 
require only a knee joint The smaller the 
patient the less he is inconvenienced by lack 
of joints In designing a pair of leg braces 
for a patient with both legs affected by in 
fanlile paralysis or hemophilic arthropathy it 
IS frequently a good plan to build the brace 
for the weaker leg for stability without joints 
and to braco the better leg for locomotion 
with joints and if necessary elastic or spring 
substitutes for muscle power To emphasize 
this point pints should be eliminated toher 
ever possible without interfering with the we 
fulness of the appliance Tins holds especially 
true for the hip joints In the majority of 
cases wc shall be able to dispense with a 
pelvic band or frame as well as with a link 
connecting the thigh brace with a spinal 
brace It such a connection is leqvut^ it 
w ill not be possible to place the joint coinci 
dent with tlie anatomical axis of the hip joint 
It will Imve to be placed on the outer aspect 
of the leg at the major trochanter In some 
instances a hinge permitting flexion and ex 
tension of the hip joint will suffice in oUvers 
movements in two planes are necessary to 
combine flexion and extension vv ilh abduction 
and adduction An attempt to constmet a 
large appliance incorporating a spinal brace 
and one or even two leg braces will confront 
us with a very dilBcult mechanical problem 
and wall often necessitate a good deal of ex 
penmentation before a more or less satisfac 
tory solution is found Every type of matenal 


and brJce construction can be connected with 
links joints, and locking devices with arti 
ficnl quadriceps” and gluteal straps to enable 
an otherwise completely helpless person to 
become independent of Iielp and lead an al 
most normal life Tlie series of eight photo 
graphs in tlie Frontispiece illustrates this 
point 

In very rare instances a joint may be intro 
duced that is entirely artificial and does not 
correspond to any of the physiological joints 
as for example a swivel joint on the sole of 
the foot to permit easy rotation of the entire 
leg 

Tlvc construction of braces for the lower 
extremities will vniy according to the type of 
leg brace to be used and the materials of 
which it IS made We shall limit this discus 
Sion to the main examples of orthopedic ap 
pliances for (he lower extremities all of which 
are designed to support or unvveight the entire 
leg If these basic functions are not required 
m the individual case it is easy to npply the 
construction principles according to the indi 
cation and eliminate the parts vvluch are not 
needed To give an example we would budd 
a brace for the support of a foot and lower leg 
following an arthrodesis of the ankle joint 
according to the principles of a standard Hess 
ing type brace for the entire leg omitting the 
knee joint and the thigh section and of course 
the ankle joint which would be entirely out 
of place in a case of arthrodesis 

Common to all leg braces are the support 
ing bars which brace the extremity on one 
or both sides running parallel to the longi 
tudinal axis of the extremity Forged of high 
carbon tool steel stainless steel or aluminum 
these bars carry the joints at ankle and knee 
and are connected with each other by senii 
circular bands generally made of sheet sted 
Both longitudinal bars and the transverse 
connecting bands form the steel skeleton of 
the brace Finallj we have for the majority 
of leg braces a connecting link witli the 
ground a patten a smdal or a stirrup Or 
cabper attachment to the shoe 
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There are two distinctly difFerent tedi 
niques for combining these fundamcntnl el 
ements m a Itg brace and fitting them to the 
extremity The first method is characterized 
b) two longiludiml supporting bars, fixed to 
each other and to the extremity by means of 
a number of bands which circle the bmb, one 
half being rigid and the other consisting of a 
flexible strap fastened with a buclde As a 
rule, two bands are employed for the lower- 
leg and two for the thigh This apparatus is 
called the double bar brace \Vlule this is 
most commonly used, it is beyond doubt in- 
ferior to the molded leather steel skeleton 
construction known as the Hessing brace Cer 
tain advantages, however, explain its popular 
it) Tlie most obMous advantage is its sim- 



Fic 56 Bending pliers are frequenll> prefer 
ihle to bending uons (Courtesy Alfons R 
Claubitz 1 

plicit) It requires no plaster of Pans modd 
It IS made to measurements of the patient, 
supplemented, as a rule, bj a tracing of the 
contour of the extremity and sometimes by a 
tracing with the aid of lead tape Prefabn 
cated material maj be used to assemble the 
skeleton or framework of the brace and a first 


fitting may take place very soon after the 
pabent has been measured At the time of 
the first fitting, the brace must be carefully 
adjusted This requires skillful use of bend 
ing irons or pliers After the fitting, the brace 
may likewise be quickly lined, trimmed and 
finished Thus, this tj-pe of brace affords great 
sa\ing in labor, time, matenal, and cost The 
fact that it covers only a small part of the 
hotly surface may occasionally constitute an 
additional advantage 

The disadvantages of this brace in compar 
ison with the Hessing type brace are self evi 
dent It requires a much heavier construction, 
and the forces which it generates to hold the 
exlJKJiJjbj UL the. d/tsiimd. ij/jsjb/w. vjt crjnnen. 
(rated on a smaller surface, a factor that in- 
creases the danger of pressure sores Finally, 
it IS much more difficult to secure a firm hold 
on the extremity for fixation and immobiliza 
tion with a brace ^vhlch consists of two bars 
and two nanow transverse bands than with 
a casing of leather, molded to a plaster cast 
of the body 

Certain technical details must be obsersed 
when making a double bar leg brace The 
two longitudinal bars must be ngidly con 
nected with a sufficient number of transverse 
steel bands, especially in the neighborhood of 
joints and at the upper end of tlie brace The 
metal parts, which are in contact with the 
skin, require padding and lining This type 
of apparatus is frequently used as a caliper 
into the shoe Such a caliper makes a special 
ankle joint unnecessary It introduces motion, 
however, at an artificial joint with an axis 
that IS incongruent w ifh the axis of the natural 
joint Furthermore, it converts the shoe into 
a part of the brace, a technique to which 
there are many objections The use of a stir 
rup in the 'hoe shares the latter disadvantage 
but jiermits the use of an ankle joint at the 
correct site 

Noxv that w e hav e indicated tlie mam draw- 
backs of the double bar long leg brace, we 
must recognize its widespread use and rexiew 
Its manufacture accordingly 
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MANUFACTURE OF A DOUBLE BAR 
LEG BRACE 
By Alfons R Glaubitz 
Tl e Tracing 

A sheet of paper is iisecf that is large enough 
for a tracing of both legs and the pelvis even 
though a tracing of only one leg may be 
needed The patient is placed on the paper 
with toes pointed up The pelvis is leveled 
b) bringing the anterior superior spines into 
the horizontal plane Any abduction or ad 
duction contracture found should not alter 
the position of the pelvis and the legs are to 
remain in abduction or adduction while the 
tracing is done 

Tlie tracing begins at the side of the iliac 
crest with the pencil held perpendicularly 
The contour of the side of the greater trochan 
ter should be traced correctly as it may vaiy 
greatly from one side of tlie pelvis to the 
other The tracing is made downward with 
a slight pressure against the shin to achieve 
a good replica of the head of the fibula and 
the lateral aspect of the calf Any pronatiori 
or supination of the foot must be corrected 
The foot must also be held at a tight angle 
when the turn is completed On the medial 
side the medial contour of the thigh must 
be recorded The skin of the thigh must be 
lifted as the fleshy part of the thigh tends to 
flatten out with the patient in the supine posi 
tion Tlie tracing of the leg is completed at 
the level of the gluteal fold A side tracing of 
the pelvis and leg should be routine proce 
dure It will give the technician m the brace 
shop a pattern of the contour of the entire leg 
when he prepares the bars for the braces In 
the presence of a rigid equinus deformity or 
flexion contracture of the knee or hip a side 
tracing is essential 

Length Measurements 

^Vlth the pelv is in the honzontal plane and 
the foot held at a right angle there most be a 
check for leg length discrepancy To deter 
mine if this exists the tape measure is placed 



Fic 57 Measurements required for a leg brace 
I 1 I \2 I (3{ are Jongiludinal measurements 
© ® ® ® are circumference measure 

ments 


in the sulcus of the anterior superior spine and 
along the medial aspect of each leg to tb“ 
sole of tlie foot If one leg appears to be 
shorter measurements must be rechecked as 
this may be caused by adduction of the bmb 
or abduction ol the limb on the other side 
Any real tbscrcpanc) must be noted for later 
reference 

Next a full length measurement must be 
taken from )ust above the greater trochanter 
to the sole of the foot with the foot held at 
a right angle This measurement must be 
recorded on a sheet of paper and cliecked 
against the next two the lengtlj from just 
above the greater trochanter to the center of 
the knee (condyles) as well as the distance 
from the center of the knee to the sole of the 
foot vvnth the foot held at a right angle These 
two measurements are to be added and com 
pared with the full length measurement to 
eliminate any possible error 
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A common error is to make the stirrup too 
short it js therefore best to measure the dis 
tance from the ankle joint to the sole of the 
foot with the foot held at a right angle The 
proper location of the ankle joint is about Jt 
inch above the tip of the fibula Measure 
ments for the trochanter bar should be taken 
with the patient in a sitting position if this 
IS possible Here the tape measure is placed 
just above the greater trochanter in oider to 
measure the distance from that point to the 
iliac crest After one side is completed this 
procedure is duplicated on the other side 

Leg lengths maj now bo compared If 
there is a discrepancy the patient must stand 
if possible and an extension board of com 
pensatory thickness is placed under the 
shorter leg 

Neat the technicians thumbs are placed 
on the anterior superior spines to determine 
whether the pelvis is horizontal If it is not 
the thickness of the compensator) board must 
be increased or reduced by the amount ncc 
essary to level die pelvis \Vliere the anterior 
superior soines are not easily accessible the 
technician places his hands on the iliac crest 
and observes the spine for a possible lateral 
deviation If a fixed pelvic obliqiiit) is pres 
ent the patient is gi\ cn a lift only high enough 
to allow him acceptable posture 

Circumference Measurements 

The circumference of the peKiS is taken 
just below the crest of the ilium as well as at 
the widest part just above Ure greater tro 
chanter This will indicate the amount of flare 
m the pelvis if a flared pelvic band is needed 

The circumference of the thigh is taken at 
the level of the gluteal fold medially follow 
ing the gluteal fold to the lateral aspect just 
below the greater trochanter Tlus measure 
ment represents the circumference for the 
leather cuff About 1 inch below this measure 
ment the circumference is taken for the metal 
bind Tlie circumference of the lower thigh 
IS taken with the kmee m flexed position just 
far enough aw ay from the center of the knee 
so that the lower section of the thigh cuff xviU 


not interfere with the action of the tendons in 
the popliteal space The circumference for 
the lower metal band is taken 11 to 2 inches 
aboxe diis measurement 

It IS always wise to take the circumference 
and width of the knee to indicate the shape 
of the leg 

The circumference for the metal calf band 
IS taken at the largest part of the calf If the 
brace is to be constructed with pins at the 
ankle joint for easy detachment from the shoe 
a second measurement is taken at the lower 
third of the tibia for an extra metal band to 
reinforce the construction above the stirrup 

Layout of Joints and Metal Bands 

on the Tracing 

The h)out procedure for a double bar long 
leg brace vanes in many wajs from one work 
shop to anotlier Our practice is to draw a 
vertical line on the tracing from the middle 
of the thigh through the center of the knee to 
the sole of the foot This reference line will 
show the offset of the ankle joint in relation 
to the knee center From measurements prev 
lously taken the height of the medial bar 
below the gluteal fold can be located Here a 
vertical line is drawn parallel to the center 
reference Ime bj passing the medial condyle 
to the sole of tlie foot The length measure 
ments from the center of the knee to the sole 
of the foot and from ankle joint to the sole 
of the foot are then located on the tracing 
paper Next the axes for the knee joint and 
ankle jomt are traced as a horizontal line at a 
right angle to the medial reference line Tlie 
metal calf band and distal thigh band are 
also triced at a right angle to tlie medial ref 
erence line It is important to make sure that 
the calf band is below the head of the fibula 
and that the distal thigh band does not inter 
fere wifb complete flexion of the knee The 
proximal thigh band from its origin at the 
medial side below the gluteal fold rises slight 
ly to the lateral side stajing well below the 
greater trochanter Short vertical hoes arc 
then drawn at the medial and lateral sides of 
the knee and ankle joints allowing enough 
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space betw een the vertical line and the trac 
mg to give freedom of movement to these 
joints The thickness of the metal calf band 
and thigh band should be considered in the 
layout The extension bars of the lower lig 
should be so arranged that the oaerlap of 
the extension bars is held far enough awaj 
from the ankle joint to facilitate good filling 
procedure MTiere a pelvic band is used 
the trochanter joint must be located from 
measurements previously taken with the pel 
\ic band traced at a nght angle to the center 
reference line In the presence of a se\ere 
kaiockknee it may he necessary to set the axis 
of the ankle joint and the calf band at a right 
angle to the shaft of the tihia 

Component Paris 

As steel mills have ceased to mill “Crescent 
Orthopedic Steel ” tool steel m an annealed 
condition has t'^ken its place A corrosion 
resistant hot rolled pickled type 410 stainless 
steel IS beginning to find fa\or with many 
brace makers In aluminum the Alcoa type 
2024 T4 IS universally used for brace com 
ponents If a brace shop is not equipped to 
fabricate its own component parts prefabn 
cated parts are available from suppliers 

For the construction of a double bar long 
leg brace we may be guided by the preced 
mg section “Layout of Joints and Metal Bands 
TraicKvg” Cos soCcotvow oC tbe TOotesv&C 
and 5126 of joints to be made For a patient 
with completely flail lower extremities or a 
child afflicted with cerebral palsy the lateral 
metal components of the brace will have to be 
made heavner than its medial counterparts 
In addition to knee locks hip locks may 
be required In the majority of double bar 
long leg braces ring lock constructions are 
used Tlie “box joint” for a ring lock is much 
superior to the o\erlip ring lock joint 
The stump which may have to carry an 
tenor or posterior ankle stops must be strong 
nnd riveted to a metal msole m the shoe for 
listing efficient^ of the ankle stop Additional 
length for the stirrup is required to rivet it to 
the sole and the metal insole 


Assembly of Component Parts 

A varus or valgus position of the ankle 
should be considered v\ hen the stump is bent 
to the tracing On the side of the defonnity 
the stirrup will have to accommodate the 
slightly longer distance from the sole of Uie 
foot to the ankle joint Care should be taken 
that the stirmp does not rub against the shoe 
and also that the stirmp bars at the level of 
the ankle joint do not toucli the bony prcffO 
inence of the malleoli 

In forming the leg bars to the tracing sp® 
cial attention must be paid to landmarks soch 
as the head of the fibula and the medial c<jn 
dyle There must be careful conformance of 
the mcilial and lateral bars to the tracing 
above the condyles of the femur as the patient 
will gam Ins greatest support at this point 
In lining up the calf band the edges of the 
calf band must follow the contour of the 
side tracing to avoid uneven pressure agantst 
the calf muscles Tlugh bands should be h^Id 
in a vertical line in relation to each other 
This can be best accomplished by holding s 
ruler against the thigh bands to make sure 
they are flush with the ruler To guard agaiiist 
disappointment it is best to use one rivet 
only on each side of the brace and mark these 
for proper positioning at the time of the fit 
ting The same procedure should be con 
sidered for the pelvic band 

Having completed tbe preliminary forming 
of the brace p irts ^12 rivets for assembly at 
lliekncc ankle and hip joints are used Hiese 
joints may lattr be rednlled for proper size 

The TitUng 

If the general appearance of the brace on 
the patient is satisfactory several tests should 
then be made First the proper location of 
the mechanical joints in relation to the an® 
tomical joints is most effectively tested with 
Uie patient sitting If the calf band appears 
tight and the thigh band loose the brace is 
probably short from kmee to floor If the re 
verse is true and the thigh band appears to 
be tight and tbe calf band loose the length of 
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the brace from knee to floor is too great With 
the patient still in a sitting position the length 
from knee to troclnnfer joint must be checked 
If the bar is not long enough the pelvic b^nd 
will tilt backward and press with its lower 
edge against the patients pelvis If the dis 
tance between the knee joint and the tro 
chanter joint is too long the pelvic band will 
tilt upward 

The brace should then be checked with the 
patient standing Webbing straps below the 
knee and on the thigh make tins possible 
The correct position of anterior and posterior 
ankle stops is best checked nith the patient 
standing In a double bar long leg brace with 
pelvic band attached the lateral balance on 
uhich the patient \m 11 have to depend is an 
important check out point If more than reg 
ular abduction is necessary for a patient with 
completely flail hip muscles outside wedges 
to the shoes must be considered Finally if 
the brace is made out of tool steel chrome 
plating as well as nickel plating of the bars 
may be considered after the fitting is com 
pleted 

Leathern ork 

All cuffs and the pelvic band should be cut 
from stiff paper patterns which have been 
fitted to the brace Only a colorfast grade of 
leather should be selected Calf elk and ms 
set calf are normally used For a heavier cuff 
aniline cowhide in a medium light weight is 
preferable For fining maleriaf the pearf or 
jellow horsehide of good quality and medium 
weight IS most practical Fast woven mole 
skin IS also acceptable for the lining of the 
cuff and pehic band To save furniture and 
clothing all metal bands should be covered 
with a backing of the same leather as is usctl 
for cuffs Where it is too difficult for the pa 
tient to lace or buckle the leather cuffs “Vel 
cro tape will solve this problem ‘Velcro is 
a Moven nylon tape consisting of tivo strips 
that lock securel) together in straight or con 
toured shapes 


r wal Check Out 

Tlie final check out of the brace which 
closely follows the fitting procedure is super 
vised by the bracemaker or the orthopedic 
surgeon It must establish that the brace con 
forms to the surgeons prescription provides 
comfort for the patient avoids imlating pres 
sures on bony prominences and finally serves 
Its mtended purpose After the brace is ap 
pbed with the patient in the sitting position 
the length between knee and floor as well as 
that between the knee joint and the trochanter 
jomt are again checked Similarly with the 
patient standmg this final exammation will 
reveal any rubbing of the stirrup agamst the 
shoe and any contact of the bars against the 
inner or outer malleoli Furthermore the 
brace must produce no pressure on the head 
of the fibula With weight bearing there must 
be enough space beh\een the brace and the 
medial condyle of tlie femur to avoid pressure 
Wliere a pad has to be used for a valgus 
deformity tlie doughnut type is recommend 
ed The thigh cuff should fit close enough to 
offer good support without crowding the 
thigh into the cuff Its proximal border should 
be just below the horizontal gluteal fold Tlie 
pelvic band should allow at least two mches 
of adjustment 

'The most important part of the final check 
out however is the balance of the brace with 
the patient standmg Gait training cannot be 
started with a patient with completely flail 
extremities or a child with cerebral palsy be 
fore the brace is properly balanced First we 
control the anterior posterior balance Tins is 
done by checking the right angle or "posterior 
stop" for proper positionmg The patient must 
be able to sway back to a point where he sbll 
feels secure If necessary a short extension 
added to the heel will act like a ski and give 
him the extra support he may need In the 
case of a slight hip flexion contracture it is 
svise to extend the heel of the shoe postenorh 
In tlvc sagittal plane 5° of plantar flexion are 
desirable If however the calf muscles are 
not strong enough to maintain this position 
the anterior or rexerse stop will have to be 
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mONcd to a position which minimizes dorsi 
flexion 

Correct lateral balance gi\es the patient the 
necessarj’ stability for standing on the floor 
without support The resultant feeling of se- 
cunty Mill go a long uaj toward rehabihti 
tion of the handicapped patient To provide 
this security, abduction of the brace may even 
be necessarj' This, of course, will tend to 
throw all of the pahent’s weight to the medial 
border of the sole To give him complete sur 
face bearing of the sole on the floor, compar 
able outside heel and sole wedges should be 
added to the shoe After abduction of the 
brace is completed, the pelvis must again be 
checked to make sure that it is still level 

As long as double bar leg braces are widely 
used, we should like to stress once more the 
importance of a number of points that are 
commonly neglected 

1 Correct placement of the brace knee and 
ankle joints must coincide with (he natural 
axes unless a deflnite indication requires non 
alignment of these joints 

2 The longitudinal bars must be connectetl 
bj two semicircular thigh bands with the 
proximal one connecting the top end of the 
longitudmal bars, and two such bands at the 
lower leg The forged semi circular steel bar 
above the ankle joint is of great importance 

3 The shoe must be reinforced by a metal 
insole to which the stirrup is riveted 

4 If the longitudinal bars are built as ex 
tension bars, they must be connected bv 
means of a loop 

5 Tlie axis of Ibe ankle joint must lie in 
the frontal plane when the foot has the cor 
rect position for weight bearing in abduction 
external rotation of approximately 5* 

6 If the ring lock is used at the knee joint, 
both longitudinal bars, the external and the 
internal, should carry a ring lock 

All double bar leg braces are b«iU accord 
mg to the principles described above for a 
long leg brace with a nng lock knee joint, 
ankle joint, and stirrup attached to the shoe 
There are, howe\ er, a considerable number of 
variations which bear brief discussion 



Fic 58 Extension bars must be connected wath 
loops 
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A lock IS not alwajs required at the knee 
joint If normal muscle power guarantees 
sufficient stability of tins joint, a lock is super 
fluous This may also be the case if a mild 
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degree of genu recurvatum is present which 
offers stability by tlie position of the k-nee 
joint axis posterior to the plumb line or in 
the presencL of an arthrodesis of the ankle 
joint in noclerate equinus 

If a lock at the knee joint is required there 
are a number of constructions which may be 
considered instead of the simple and widel) 
used nng Jock First of all the ring lock 
joint may be built as an automatic joint if 
used unilaterally on tl\e external leg bars A 
spring mechanism is added to the nng which 
keeps the knee joint locked m extension unless 
the ring is pulled iipuard by the patient Tlie 
spring mechanism consists of a steel rod a 
incli in diameter and 6 inches long Tins rod 
goes through a guide meted to the externa! 
surface of the th gh bar 5b inches above the 
kree joint axis The distal end of the rod is 
articulated to the external lateral surface of 
the nng by a simple screw \\h le the proximal 
end carries a transverse handle designed to be 
o[>eraled with two hngers A coil spring is 
dmuTi over the steel rod resting at the upper 
end against the guide and at the lower end 



Fig CI Modified nnc lock knee jo nt 
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held by a rivet or bolt inserted into the steel 
rod In case a l»nee cap is used with leather 
straps, the bars must be fitted with metal 
loops to proent the straps from being caught 
m the spnngs mechanism 
We prefer, jn many instances the Euro 
pean O I lock pint This represents a joint 
of great precision and stabihtj As its manu 
facture entails a great deal of labor, it is ad 
\Tsable to order it from the factory, and keep 
a sulBcient number of right and left joints m 
stock Tins device is built into the longitudi 
nal leg bars the thigh section measunng 14 
inches and the lower leg section 16 indies 
The spring le\er mechanism for the knee lock 
IS attached to the external surface of the thigh 
bar, cosenng approximately 8% inches of its 
length The placement of a small lever oper 


ating this stop high up on the leg permits its 
inconspicuous management through the cloth 
ing and is also convenient for the patient uho 
is disabled to such an extent that he cannot 
reach a lock at the k*nee joint without difR 
culty The great stabilitj of this construction 
alloivs the use of a unilateral lock on Iheextcr 
nal jomt of the brace only ^Vhen assembling 
a brace w ith the European O I lock joint, the 
parts forming the lock must be taken apart 
nnd the longitudinal bars fitted to the de 
sired contour of the extremitj by hammenng 
on the lead not by bendmg After tlie fitting 
his shown that the desued shape is obtained, 
the mechanism of the lock is reassembled and 
refitted to the bar, forming the long lever to 
the final shape of the bar Finally, a slot is 
filed for the stop, according to the needs of 
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the inchvidinl Tins t)'pe of lock which may 
also be jncotporated into the Hessing tjye 
bnces and artificial legs is particularly suit 
ible for an ischial seat brace where the longi 
hidinal bars follow a more or less straight 
course nt the knee joint 
A somewhat simpler but ^ eiy efficient knee 
lock that has stood the test of time is kTiown 
among bracemikers as the Swiss lock joint ” 
It IS built m bilaterally on tlie internal and 
external longitudinal bars the short levers 
locking the joints m extension are connected 
m the popliteal region by means of a semi 
circular rod to which an elastic traction is 
freijuentlj attached connecting the rod with 
the calf band 


For double bar leg braces which have to be 
etc^lionally rugged and constructed to be 
worn for a lifetime an automatic lock joint 
IS sometimes used This lock joint is built as 
a very simple and very rigid double slashed 
joint The knee end of the lower leg bar is 
slashed m the sagittal plane forming two 
hah es or jaws info which the distal end of the 
thigh bar is fitted thus producing large com 
pact surfaces with the diameter of the knee 
circle measuring IJ* to Ih inches The contour 
of th© lower end of the thigh bar is rot a 
circle it has a straight edge which forms the 
mam weight bearing stop thus relieving the 
locdc mechanism from strain 
The essential feature of tlie automatic lock 
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Fic 64 SvMss lock knee joint 


/o«nf IS the heavy forged bolt which locks the 
knee by fitting deep into the joint circle of 
the lower leg bars The stop is forged to a 
thickness of k inch The part which serves 
as the lock proper measures approvimately 
% inch X % inch extending in width across the 
entire knee joint and fitting when the knee is 
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Tic 65 l^orking drawing Hans von Baejers 
lock knee joint 


locked m extension into the corresponding 
h inch deep slot in both jaws of the lower leg 
bar The locking bolt slides up and dowm m 
a longitudinal slot 1 a inches long m the mid 
line of the thigh bar The bolt proper is c(>n 
tinuerl from the K inch squire as a h inch rod 
up to 6 inches in length Similar to the auto- 
matic ring lock joint the guide for the steel 
rod IS nveted to the external surface of the 
thigh bar 5/» inches above the knee joint a 
coiled spring is drawn over the rod resting 
ftgiinst the guide at the upper end and hc-ld 
It the lower end by i nose which is formed 
where the bolt changes its shape to be con 
tinued as a h inch rod Fmallj the square 
part of tJie bolt is secured in the slot and 
vented from sliding out bj a small rivet 
against the inner surface of the thigh bjir 
Pfovimal to ihc guide a transverse handle is 
added for the operation of the automatic 
lock 

A variation of the foot section is an attach 
ment of the brace to the shoe b) means of a 
caliper Tins renders the construction some 
what simpler but has the disadvantage of mis 
placing tbc ankle joint to tlie sole of the fo(>t 

Caliper and stirrup attachment share the 
disadvantage of having the shoe become part 
of the brace a construction to which there 
are certain objections Therefore it is fre 
quently preferable to use a sandil connected 
with the low er leg bar at the inkle joint This 
sandal consists of a metal sole with an intemil 
and external lateral flange for the inkle jomt 
The foot is held m the brace by means of a 
lined leather sandal or at least an anklet Tlie 
sandal facilitates the use of a simple stop for 
plantar flexion or dorsiflexion at tbe ankle 
joint 

Occasional!) i pelvic band must be used 
with a double bar leg brace in order to coO 
trol rotation of the leg or to keep the pressure 
pad at the proximate end of the lateral op- 
nght bar close to tlie bod) as m an unvv eight 
ing ischial seat brace 

The pelvic band should gam a firm hold on 
die pelvis It must not be fitted to the pA 
Uents waist as is frequentl) seen Its correct 
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phcement is below the Jjac crest A simple 
pelvic band is cut from 16 gauge metal 1** 
inches wide and of sufficient length to reach 
from a point medially to the anterior superior 
spme of the side on which the brace is woni 
across the spine to the level of the trochanter 
or, better still, to the anterior supenor spine 
of the opposite side The pelvic band is at 
tached to the proximal end of the external 
longitudinal bar of the leg by means of a 
joint at the level of the trochanter This may 
be built as a sunple lunge for extension and 
flexion, or as a double action joint which per 
mits abduction and adduction in addition to 
flexion and extension The pelvic band is cov 


ered walh calf or elk leather, lined with mole 
skm, and closed anteriorly by means of strap 
and buckle 

If a patient has to wear two leg braces con 
nected by a pelvic band this pelvic band 
must be made m two halves to facilitate ap 
plying and removal of the braces Instead of 
a hinge in the hack which would have to be 
undesirably heavy, the left and the right 
halves of the pelvic band are made to overlap 
each other m the back with one half carrying 
flanges into which the other half is inserted 
Strap and buckle will hold the two sections of 
the pelvic band together We avoid tlie use of 
a pelvic band and a trochanter joint whenever 



Appliances for the Lower Extremilies 


93 



possible The better the fitting of the leg 
brace the less the necessity for a pelvic band 
Where greater stability is required the pelvic 
band nay be built up into a hinged lower 
back brace with abdominal support of elastic 
or coutil where complete immobilization and 
fixation of a hip joint are indicated we resort 
to a pelvic frame as used in our spinal braces 

The eonstruclioD of a double bar leg brace 
Will be modified if unweightuig of the ex 
tremity bj means of an ischial seat is desired 
The von Baeyer leather strap seat is easily 
built into a double bar leg brace For this 
purpose the brace must have i lock knee 
Instead of the sandal sturup or caliper attach 
ment to the shoe, a patten may be used (see 
pages 112 115 6) 

The double bar leg brace also may be 
fitted with various types of sprmgs or elastic 
straps which substitute for hek of musde 
power according to the needs of the individual 
case 


Despite the great popularity of double bar' 
leg braces of v’anous constructions and the 
fact that these hav e been successfully used by 
a majonty of paralyzed patients under the 
guidance of The National Foundation for In 
fantile Paralysis we must emphasize again 
and again that tlie individualized molded 
leather steel Hessing brace is a much superior 
instrument for the treatment of most patients 
requiring bracing for more than a limited 
penotl of time Furtlierfore it is the onlj 
orthopedic appliance for the lower extremities 
that can be used for the rehabilitation of a 
hemophilia patient 

With the introduction b) Hessing* of tlie 
encasing molded leather steel skeleton appa 
ratus justly knowai the world over as the 
Hessuig brace the simple double*bar leg 
brace should be a second choice 
Tlic arrangement of two longitudinal steel 
ban to both sides of the extremi^ in the Hess 
ing constnicbon is principally the same as for 
the double bar leg brace instead of the nar 
row, semi circular transverse bands which 
connect the longitudinal bars and hold them 
to the limb, the Hessing construction intro* 
duces a forged steel reinforcement unit 

•Tlic UurtceDlJi child of a poor potter Fnednch von 
Hessing bom m 1639 Inumphed over prejudice nd 
icule nod opposition to become the most famous 
braceroater in Cermaov and possibly m Europe IIis 
pnncipal workshop at Coggmgen near Augsburg 
was really a faslilonable hotel which numbered roy 
ally among its clientele His method of ambulant 
(riatment for fractures of the lower extremities was 
Ent demonstrated m 1676 though its acceptance hy 
tile profession dales only from the tune of the lOlh 
International Medical Congress (Berlin. 1690) 3Vhile 
h s comet treatment of tabes at fint created some- 
tlung m the nature of a sensaUon it quickly fell into 
neglect though the idea w'as later mtlependenlly 
translated into practice by Charcot m Pans Hessing s 
apparatus was responsible for tl e populanty of con 
seisabw OTthopedics in Germany and has become 
an integral part of the specialty as it exists today 
Hessing was a strange character simple one-sided 
and autocratic Xnighled b> the King of Bavana he 
died at the age of eighty on March 16 1918 (see 
A E Stda Fnednch von Hessing und die deutsche 
Otdu^iadie Zeitschnft fur orthopadische Chirurgie 
1920 39 0-‘’8 with photograph) 
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Fic 68 Foot atUcliments for double bar leg braces (a) SUrrup with caliper slot joint, 
(b) cahper, (c) sandal mth ankle stop 
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worked into a section of molding leather 
which conforms in every detail to the limb, 
regardless of the degree of deformity which 
may be present. In this nay, the brace gains 
excellent contact with the extremity without 
causing undue pressure, as the forces are dis- 
tributed over a large surface The rigid leath- 
er case adds considerably to the stability of 
the brace, permitting the use of lighter sup- 
porting bars and reducing the weight in spite 
of the greater amount of material needed. In 
addition, the patient is less conscious of his 
brace because of the exact fitting. The con- 
spicuous advantages of the Hessing-type brace 
should compensate sufficiently for the difficul- 
ties encountered in its construction. 

hUNUFACTUIlE OF A HESSING-TYPE 
LEG BRACE 

The Piaster of Paris Model 

The construction of a leg brace by the 
Hessing method requires the use of a care- 
fully made plaster of Paris model. Here, we 
must stress the fact that a Hessing brace for 
the leg, more than any other t)'pe of ortho- 
pedic appliance, depends for its success upon 
the accuracy of the plaster model. In some 
instances, the negative model or mold must 
be taken with the leg in position for standing 
and walking, permitting the foot to exert some 
pressure on the ground. 

For a correct plaster of Paris model, wc 
recommend the use of a modeling seat, on 
which the patient rests with the tuber ischit 
of the sound side of the body, while the leg to 
be treated is in a vertical position and the 
foot is pressed against the foot rest accord- 
ing to the desired degree of weight-bearing. 
Before we proceed willi the application of 
plaster of Paris bandages, we must determine 
our landmarks on the extremity with indel- 
ible pencil. The location of the axes of the 
k-nec and ankle joints, the bony prominences 
of the major trochanter, the patella, the tu- 
berosity of the tibia, the head of the fibula, 
and the tuberosity of the fifth metatarsal 
bone, ate thus clearly maiked. We cut the 



Fic 69. Patient seated in modeling frame for 
plaster of Pans model of nght leg. 


mold with a Str>’ker electric cast cutter over 
■a Oil fekt. NNhvdv is heucaUv ihe 

plaster of Pans in the dorsal midline. We 
start the application of the bandages at the 
toes and proceed proximally to the desired 
level. This generally includes the major tro- 
chanter, even for a brace without an ischial 
seat. The model of the foot should present 
all the details discussed in Chapter 1, pages 
8-12. We shall find, liowever, that in making 
a mold of the entire leg, especially when 
an ischial seat is required, we shall not be 
in, a position to pay too much attention to 
the foot as we are mainly concerned with 
obtaining a correct model of the proximal 
parts of the extremity. It is therefore some- 
times advisable to take a separate impression 
of the foot, as for a foot plate, and to use a 
separate model for the construction of the 




96 


Ortl ofwdic Appluinccs 


foot section of tlic bnce To obtiin a good 
impression of the bonj structures of the hnee 
and ankle joints rotatory pressure with the 
palm of the hand is used m modeling tl e 
plaster to shape until it is set Plenty of pi ts 
ter of Pans must he a\ ulable for the modeling 
of an ischial seat To obtain a good impres 
Sion of the tuber ischti and to insure tli“ cor 
rect direction for the iscb al seat from posle 
nor lateral to anterior medial v\e make the 
iscbial seat more prominent before appi) 
mg the plaster of P\ns bandage by using 
an auxiliarj strap of webbing stockinelle or 
a flannel bandage Removal of the plaster of 
Pans cast will not cause discomfort if the leg 
has been covered with stockinette 
After the plaster of Pans is set the cast is 
opened and removed from the leg ui the 
usual way taking great care to avoid break 
age in the “danger zone al the ankle It is 
then closed with a plaster bandage and left 
to harden Landmarks on the inner surface of 
the mold arc reinforce<l b) indelible pencil 
the mold is nnsed with soap and water and 
the model is cast When the positive model 
IS hard the negUive is cut olf and removed 
and all landmarks are immediately retraced 
Next the position of the axis of the knee joint 
most important for the construction of a leg 
brace is permanently marked with nails 
driven into the cast on the internal and ex 
temal aspects of the knee leaving the heads 
about /4 inch outside the cast Tlie ankle joint 
axis may be siiniHrly marhed if desiretl If 
an ischial seat brace is to be constructed the 
seat is prepared at this point plaster fs 
scooped out at the tuber isclm until the width 
of the seat amounts to about an inch and 
the direction of the ischial seat is established 
from postero lateral to antero medial as men 
tioned above The surface of the entire cast is 
smoothed out and a thin coat of plaster of 
Pans cream ts applied to fill in all uneven 
areas After this coat is fairly di) the cast is 
sandpaperetl and the model is reads to be 
used for designing of the brace 


Building the Hessmg Brace to the 
Plaster of Parts Model 
(BvALtONsR Guvubitz) 



Tic “0 Cast bench used in building leg braces 


Tlie plaster of Pans model is placed on a 
speaally prepared cast bench with the pa 
telK and toes pomted vertically upward A 
straight line is drawn over tlie entire length 
of the model marking the antenor midline 
to wluch the molding leather must reich 
Another midline is drawn on the posterior 
side of the model which will be helpful in 
detenmmng the intersection of the bars of the 
steel frame units for the thigh and calf (More 
recent constnictions show such a unit at the 
thigh only ) Tliese two lines will facilitate 
placement of the medial and lateral bars of 
the brace The proper location inaj also be 
detenninetl by measuring the circumference 
of Uic thigh and lower leg at four or five 
different levels Tlie medial and lateral lines 
however must go through the permanently 
marked centers of the knee and ankle 
Tlie location of the eight tnangular screw 
plates later to he united with the steel frame 
units IS traced on the model with the center 
of each plate placed on the medial and lat 
etal lines Tlie plates arc positioned at the 
following levels on the upper lateral portion 
of the tliigh about 2 inches below the greater 
trochanter and on the medial side about 2 
inches below the gluteal fold or tuber ischii 
On the lower portion of the thigh brace the 



Appliances for ihe Lower Lxttemilies 


9-7 


screw plate is located 2^ inches medially 
and laterally above the Vnee center Tins pair 
of screw plates must in every instance, be 
high enough to clear an imagniary line from 
tile back of Uie calf to the thigh with the 
knee flexed The provimal pair of screw plat« 
in the lower section of the leg is placetl about 
1 inch below the head of the fibula on the 
lateral border and the medial plate is to be 
located at the same lev el as the lateral 
Fmall), the lower pair of screw plates is 
placed at the level of the dividing line of the 
third and fourth quarter of the distance be 
tween the knee joint center and the center 
of the medial malleolus 
To complete the tracing of Uie steel frame 
units, a line is drawn from the screw plate 
below the greater trochanter to the medial 
screw plate below the gluteal fold In trac- 
ing this line the contour of the gluteal fold is 
followed on the lateral side to about the level 
of 1 incli below Uie tuber ischu Tlie line 
1 $ then continued under the tuber ischu if 
ischial weight bearing is desired This line 
slopes down to the medial screw plate 2 
inches below the gluteal fold Wliile the steel 
frame unit is held lower on Uie medial aspect 



Fjc 71 The steel skeleton for a nessingt>-3^ 
leg brace is traced on llie model 


of the liftib, the leather will remain at the 
level of the tuber ischu 

From tilt line presenting the proximal semi 
circular band, two crossbars are traced dowii 
to tlie lateral and medial screw plates above 
the knee Instead of tins original design tw<5 
vertical bars may be traced to the screw 
plates on the same side The steel frame unit 
for the lower leg is traced crosswise from th^ 
pair of screw plates below the knee to th(5 
plate on the opposite side above the ankle 

In tracing the stirrup sections two third? 
of the w idth of Uie distal end of the stirrup i? 
set in front of the medial and lateral line 
which was trace<I previously The reason fof 
this IS that with the 1 inch heel height nor 
mally used the stirrup bars wall be vertical 
with the floor The width of the distal portion 
of the stirrup is never less than 1 inch Tlie 
sole plate ends distally behind the head of th^ 
first metatarsal At the heel it is slightly cup 
shaped The longitudinal borders are held 
low 

This completes the designing of the steel 
skeleton on the plaster model Before starting 
the steel work the contours must be outlmed 
for the encasing leather parts of the brace—an 
essential feature of Uie Hessing technique 
After paper patterns arc made for the thigh 
calf am! foot sections three pieces of leather 
ate cut accoidmgl) using 1% to 2 ounces 
molding leather with very little rawhide in it 
Tlie leather is soaked m lukewarm water 
overnight before it is used 

The Steel Trame Vml 

The building of the brace begins with the 
preparation of the triangular screw plates 
These screw plates arc cut from 16 gauge 
sheet metal triangular in shape about 1®4 
inches long and 14 inches wide The plates 
for the lower leg are somewhat smaller For 
clnldrtn these should be scaled accordingly 
A small steel block about '^lo inch by 1J« mdies 
IS brazed or welded on Uie surface of the 
plite and fitted for five Sj inch screws Two 
additional holes are drilled at the broad base 
of Uie plate and one at the narrow end for 
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copper nvels, which will connect with the 
component pirts of the steel frame unit to 
which the plates are brized or wcWcd After 
eich trnnguhr screw phte is completed it 
IS fitted md fastened with nails to the model 
at the proper location 



Fir 72 The reinrurcecnent umt of the Hessing 
type l^S brace is fitted to tlie model 


The proximal semi circular bar for the brace 
IS made from •’•la inch hj p inch half round 
steel When formed to the cast the triangular 
screw plates are brazed or welded to this bar 
and the section is returned to the model If 
desired this bar may be forged in one piece 
as a combination of semi circular bar and 
triangular screw plates 
The cross bars of the steel frame unit are 
made of bu inch by inch half round steel 
These bars overlap on the corresponding 
screw plates They are riveted together and 
then brazed or welded The posterior line 
traced on the plaster model acts ns a guide 
so that the bars at the thigh and the calf cross 
in the middle of the limb Holes are drilled 
at the crossing for copper rivets to hold the 
bars at tins point to the leather casing 

Tile unit is shellacked inside and out, be 
fore it is returned to die plaster model, to 



Fic 73 Tlie molding leather is stretched over 
the model showing contour of die reinforcement 
unit 


prevent the metal from rusting on the cast 
and under the wet molding leather As the 
molding leather has been soaked m water 
it has become swollen and stiff To make it 
more pliable, it is whipped agamst a post 
or doorway The leather is dien carefully 
stretched over the model with the aid of 
shoemakers pliers An edge creaser avail 
able at harnessmaker supply houses will aid 
m molding the leather over the steel frame 
unit until the steel skeleton of the unit is 

Tlie molding of an ischial seat for ischial 
weight bearing requires great care holding 
the leather close to the cast which has been 
scooped out at the tuber iscliii 

For die foot section the molding leather is 
nailed to the model on the dorsum of the 
foot The open heel section is closed with 
two harnessmaker needles (made with a dull 
point) and an awl When the leather sections 
are dr) nindows are cut over the small 
blocks on the triangular screw plates and the 
steel frame unit is riveted to the leather with 
copper nvets The heads of the copper rivets 
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which ha^e alrendj been polished remain on 
the outside of the leather 

Completing the Steel Work 

Tlie medial and lateral bars of the brae® 
are forged from inch x ^ inch round edg® 

high carbon tool steel decreasing toward 
the anUe to ®8 inch k inch Grinding and 
polishing of the bars will reduce them to 
about *8 inch thickness The lower leg bats 
are made as extension bars with the proxim"*! 
bar running from the knee joint to just abo\e 
the lower pair of set screw plates and th® 
lower extension bars from the ankle joint to 
just below the upper pair of set screw plates 
The extension bars are held together by ®90 
inch oval head screws 

The knee joints are milled as overlap joints 
or center milled joints These are forged to 
lls inches m diameter and to the thickness of 
% inch The specification for the straight 
shank mill is % inch A pDot hole is drilled to 
the center of the forging corresponding to the 
pilot on the straight shank mill The forging 
IS milled from die msido of the thigh bar 
leaving about Ms mch thickness for the joint s 
surface Tlie forging of the low er bar is milled 
from the outside also allowing a thickness of 
*is inch for the joint surface After this is 
completed the forgings are placed one on 
top of the other at slightly less than a ISO'’ 
angle A horizontal hue through the center of 
the joint will determine die interior stop of 
the bars The bars are then flexed to slight!) 
less than 90° and another line is drawm from 
the anterior stop to the center of the knee to 
determine the necessary cut-out for knee flex 
ion Having selected the anterior and pos 
tenor stops we use a hacksaw to cut down 
at these points to the joint surface All 
material remaining on the forging from the 
milling procedure may be trimmed down and 
the surface bearings may be fitted togeCher 
Ankle joints are forged to about % incli 
and milled with an *^i6 inch straight shank 
mill following the same milling procedure 
outlined above In selecting the stop onI> 



Fic 74 Hessing brace assembled for fitting 
longitudinal bars in place 

one horizontal line through the ankle joint is 
draivn The filing of the anterior and poste 
nor stop for the ankle motion is best done af 
ter the brace is fitted The bolt used for 
dlls type of milled joint has a round base 
and a nut about inch thick The diameter 
of the base corresponds to the size of the 
corresponding milling Tlie shanks of the bolt 
ore a^iit k inch to S inch in diameter and 
fit into the lower section of the bar Tlie 
square section of the bolt corresponds in size 
and fits into the upper bar of the joint Tlie 
thread used for diis bolt is ^so jnebes {an 
imported bolt will cany a 6 mm thread) 

The stirrup parts of the ankle joint are 
made of bxo components From the ankle 
joint down they increase in width toward 
the sole and ate at least 1 inch wide All 
edges are be\oIed especially where these 
components are attached to the metal sole 
Tlie metal for the sole plates is usuall) cut 
from 18 gauge steel A thicker gauge is ad 
visable for a heavy person The metal sole 
is Iiammered on lead to the surface of the 
leather not to the cast proper To facilitate 
the fitting of the sole clialk may be nibbed 
on the leather surface \Vlsen the metal sole 
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IS pressed igainst the surface of the leather 
the chalk shows tlie high spots of the phte 
which require further adjustment 

Next the medial and 1 itcral bars are slotted 
for inch screws and filteil to the thigh and 
lower section of the brace Beginning at the 
knee joint the lower bars are fitted to the 
model with the knee joints in the sagittal 
plane of the body and parallel to each other 
Tlieir connecting axis should be at a right 
angle to the weight bearing line 

The ankle joints must also be m a perpen 
dicular line but relative to the anatomical axis 
of the ankle The stirrup components arc 
Rtted over the metal sale ewd 
riveted to the sole 

Locations for slots are found at the level 
of the screw plates and then filed into the bar 
for *30 inch screws Finall) the leather see 
tions are removed from the model and the 
brace is assembled for fitting 

Finishwg the Brace 

At the time of the fitting the leather sec 
lions of the thigh and lower leg are trimmed 
to about 1 inch anteriorl) to the steel bars 
This will enable the patient to apply the brace 
without discomfort Tiie lower posterior sec 
tion of the thigh cuff is trimmed to g ve free 
dom in the popliteal space in the sitting posi 
tion Likewise the free play of the patella 
should not be disturbed 

The upper portion of the lower leg encasing 
IS trimmed in the back to permit full Jlexion 
of the knee In front it should include all 
of the tuberosity of the tibia At the ankle 
the leather is trimmed anteriorly and poste- 
riori) to permit flexion and extension of tlie 
foot Care must be taken to avoid pressure 
over the tendo Achillii Tlie foot section is 
trimmed to include the head of the first and 
fifth metatarsals On the dorsum of the foot 
the moldmg leather should be cut back gener 
ously to r^uce the bulk of the sindal and 
permit easier fitting within the shoe Next 
paper patterns are cut for the three lacer 
strips The brace is then taken apart and the 



steel bars are nickel pitted and chrome 
plated After all edges of the leather sections 
arc skived the componentsectionsarecleaned 
with a thin solution of oxalic acid and pol 
ished with a dry cloth If an ischial seat is 
used it is covered with an adequate felt pad 
T1 e flaps that are to cover the open space 
on each of the three sections are cut from 
four to five ounce strap leather skived and 
sewn to the inside of each section on the 
medial side Tlie eyelet strips are cut to 
about 2 inches m width lined with horsehide 
and fitted with eyelets that are no smaller 
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than svze A Tlie lateral strip is sew'n to the 
leather section and the medial strip to the 
flap A IJs inch dravs space will be sufficient 
betn een the two leather strips 

The brace including the flaps is now lined 
with chamois or horsehide If necessary for 
an individual case a bucUc and strap ma) be 
fastened at the proximal end of the thigh and 
lower leg sections to reinforce the lacing at 
these points 

The stirrup section is then meted to the 
metal sole After the foot section is lined 
and completed with e)elet strips it is meted 
to the metal sole All rivets are countersunl. 
to avoid marks from the nvets on the inside 
of the shoe 

MODIFICATIONS OF A HESSING BRACE 

The foregoing description covers the orig 
inal construction of a Hesstng brace There 
are various minor alterations which ma) adapt 
it to the needs of the individual patient Here 
however it is essential to discuss one major 
modification which has gradually been de 
veloped for the specific use of the hemophiliac 

The Hemophtha Hesstng Brace 

Anyone able to build the original Hessmg 
brace according to the instructions given on 
the preceding pages can certainly construct 
this new modification We shall therefore 
indicate only wherein it differs from the 
original design 

Des gnated as the Hemophtha Hessmg 
Brace this modified appliance eliminates the 
steel reinforcement unit in the back of the 
thigh and calf sections as well as the tnangu 
lar screw plates hut retains the original exten 
Sion bars Tlie resultant design is simpler to 
manufacture lower in cost and lighter m 
weight For hemophilia patients frequent 
changes in the volume of the th gh and lower 
leg are charactenstic of the disease after 
hemorrhages and during periods of rehabili 
tation At such times it is far better to make 
plaster of Pans models for new molded leath 
er sections Not onlj is this more accurate 


it is also safer than the older method of 
adjusting calf and thigh sections b) means 
of triangular plates and screws a procedure 
which involves the risk of trauma m hemo 
phdia 

This discussion of modifications of the Hess 
mg brace would not be complete unless we 
strcssetl here certain additional factors which 
contribute to the success of this appliance 

The joints m a Ilessmg brace are of the 
greatest importance as the usefulness of the 
brace depends to a large extent on their 
proper location and stability Moreover the 
joints are more subject to wear and tear 
than an) other part of the brace Therefore 
onlv milled joints described on page 99 
should he used m connection with the Hess 
ingt)'pe leg brace Screws must be carefullj 
tightened in order to guarantee large surface 
contact and the) must be oiled at regular 
intervals Furthermore they must be inspect 
ed by the bracemaker from time to time so 
that worn out bolts ma) be replaced before 
the entire alignment of the brace has been 
damaged 

At the knee joint a lock may be necessar) 
just as m a double bar leg brace For the 
Hessmg 1)7)6 brace we recommend the use of 
the Swiss lock or one of the other construe 
tions which we described for the double bar 
leg brace If the kmee joint should remain 
locked in extension for a limited period of 
time a separate fixation bar may be used 
bilaterally bndging over the knee joint and 
connecting the longitudinal steel bars rigidly 
above and below 

Lofs/rand and Schlecker Constructions 

Introduction of Lofstrand brace construe 
tions during ^Vorld \Var II offered an entire!) 
new design of the knee joint Using a double 
knee joint with or without springs and occa 
sionall) with a knee lock in connection with 
tlie original Hessmg braces this concept in 
brace construction marked a new era espe 
cially for the rehabilitation of hemophilia 
pahents Spring joints permitted a w ide range 
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Fic. 76. Manufacture of 



a pair of hemophilia Ilesstng braces from plaster of Paris 
model to finished appliance. 
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Fic 77 Hcmopliilii Hcssing ( nee for 'Ml»it>ccd IiemoiUjilic attfiropalfiy of right and 
left knees complete bony ank>tosts of nght nnd left ankle feet m marked equinus 
position Ankle jouits omitted Swm Jock fir nglit knee permits patient to tlnve car 
Compensation for equinus deformity incorporated into foot section of brace 


of motion as « oil as a degree of spring ten 
Sion necessary to help the weak quadriceps 
extend the knee joint without the need for the 
old type of eattrnal or artificial quadri 
ceps to he described I itcr on 
i'STien the Lotstranef braces and tfieir fugfi 
ly eOicient spring joints disappeared from the 
market our brioemaker Paul Schumaclier 
with the aid of Paul Leeker deansed tlie 
Sclileeker spring joint a neav and different 
sprang joint for the knee Its design and tliere- 
fore its manufacture are much simpler than 
for the Lofstrand joints and it is less bulkj— a 
decided advantage for patients %sbo must 
wear ti%o long leg braces Tlie springs may 
be obtained m different strengths and are 
easier to replace Uian those used in the ong 
iiial Lofstrand joints If the knee with tlie 
Sclileeker spring joint must be temporarily 


locked m extension the spring can be replaced 
with a bolt 

Hessmg braces with Schlecker knee joints 
are now standard for hemophilia patients 
Many of these cases must depend upon their 
fltssing braces eicii if ifcxion deformities of 
the knees have not been corrected to complete 
extension of ISO'^ Some pitients can walk 
satisfactordy with extension of 165° It is 
often necessary to lock the knee temporarily 
at the angle of maximum extension for the pa 
tient Tins angl“ ma) be gradually mcreased 
as rehabilitation progresses To accommodate 
these patients and eliminate the need for fre 
quent trips to the brace shop the Sclileeker 
knee joint lias been fitted with a scries of ex 
tcrnil locks that are simple for the patient to 
manage Tins means that a hemophilia Hess 
mg brace maj be delivered wifb a scries of 
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Tic 78 HemopJiilia Hessing brace vnth Lofstrancl spnng joints at knee milled ankle 
joints no sandal 


exchangeable locks to hold the knee at an 
angle of 160'*, 163'*, 170" and 175' 

Manufacture of the Schlecker Spring Joint 
By Paul R Saiu\L\ainn 

Tlie bod> or hot of the joint, measunng 2 a 
inches x II* inches x h inch is made of 24 


S T aluminum A “lo inch liole is drilled 
tliroughout the length of the block at a dis 
tance of k inch from one side as shown in 
Figure 81 With a milling machine or a mil) 
cutter attnehed to a lathe slots as shown by 
the doited lines m Figure SI are cut in the 
nlummuni block from both sides A ho mcli 
mJl is used for adults and n 'le inch mill for 
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FiC 79 Hessing t)pe Jong leg bnce wth artifiaal quadneeps 


children TJie upper nnd lower bars, meas Tlie springs are made of IJaJ spring steel or 
urmg inch \ lU inches for adults and 'lo square edge steel Tliey are wound as com 
incli X 1*4 inches for children, are fitted into pression springs to clear the '‘la inch hole cut 
these slots Tliey ire shaped exactly to the di throughout the length of the block For the 
nmeter which has been miffed out with a tong ends of each spnng, ®io inch bearings are 
added on the back edge of the bars to accept needed A template for drilling the center 
the pressure from the springs met holes is recommended 



Fic 80 Schleekcr knee lomt with a senes of three locks that are used to obtain a 
gradual mcrease of extension it the knee 


To assemble the Schleeker spring joint one 
bar IS rii eted to the box One of the bearings 
is inserted folloued by the spring which is 
25i inches long The second bemng is pheed 
on the spring and the second bar is riveted in 
place It takes considerable pressure to com 
press the springs until the met boles are imed 
up so that the second rivet can be positioned 
A paw of these locks is needed at the knee 
joint of the Hessing brace 
To lock the knee joint at an angle between 
160® and 175" a senes of external exchange 
able locks may be used according to medical 
indication These locks are built as 'i clip 
covering the center of the joint Tlus lock is 
attached with a single screw into the center of 
the anterior aspect of the joint 
An additional joint maj become necessary 
if a Hessing tj pe leg brace is used in tonnee 
tion witli a pelvic frame Tins t)’pe of 
joint is located at the level of the greater 
trochanter at the external aspect of tlie brace 
m line with Uie external longitudinal thigh 
bar hence the name “trochanteric joint ” The 
trochanteric joint may be constructed as a 


simple IiiDgc for extension and ilexion at the 
hip joint or as a double action joint permit 
ting motion m two planes namely flexion and 
extension plus alxluction and adduction The 
trochanteric joint must be milled and the 
bars which fo-in this joint connecting a pelvic 
fr-’me with a long leg brace requue greater 
strength than Uie rest of the steel skeleton be 



Fic 81 Uorking dravvang illustrating Figure 80 
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cause the) are subject to au unusual degree 
of stress ami strain An indication u.liich ne 
cessitates the use of a trochanteric joint fre 
quently calls for the construction of fixation 
devices or for the introduction of corrective 
forces as in the case of an adduction contrac 
ture This has led to a great number of special 
constructions which ma) be used according 
to the requirements of the individual case 

The Artificial Quadriceps 

A Hessing tj-pe leg brace is a suitable ap 
paratus for the use of a so called “artificial 
quadriceps” which may compensate for a 
weak or paral)'zed quadriceps muscle As vve 
have said the Lofstrand and Schlecker spring 
joints for the knee represent an almost ideal 



Fic 83 Constmehon details of “artificial quad 
nceps” 

solution of this problem \Vhere these joints 
are not available however an artificial quad 
nceps may be made of two elastics K inch 
Wide which cross on the anterior aspect of 
the leg m front of the patella To gam the 
monientum necessary to introduce *v force 
extending the knee joint tlie lever must be 
increased by leading the elastics over a bridge 
fonned b) a semi-circuIar bar which con 
nects the knee joint at the brace 

Manufacture of the “Artificial Quadriceps’* 
A semi circular bar is forged from h inch v 
’» inch round edge high carbon tool steel The 
bar keeps its maximum width of h inch m the 


ontenor midline just m front of the patella 
It IS forged narrower and lighter in the quar 
ter circle between the midpoint and the axis 
of the knee joint to about % inch m width and 
*32 inch in thickness m order to obtain the 
necessary spnng Each quarter circle regains 
almost the width and thickness of the anterior 
part at the lateral end where the semi circular 
bar IS fitted with pins to be inserted into drill 
holes on the inner aspect of the caliptr bolts 
The bar is hammered to the shape of a semi 
circle the radius of which corresponds ap 
proximately to one fourth of the distance be 
tween Icnce joint and ankle joint It is im 
portant that the semi circular bar is ham 
mered and not bent The elastic straps are 
attached crosswise to the middle of the semi 
circular bar by a fiat head screw The four 
ends are fitted with straps which are fastened 
to studs on the longitudinal steel bars of the 
brace just above and below the distal and 
proximal pair of set screw plates respectiv ely 

The Pehic Frame 

\MiiIc the Ilessing t)pe leg brace usually 
docs not require the use of a pelvic band a 
pelvic frame may be used if tbo patients con 
dition calls for fixation of the hip joint TIic 
pelvic frame is built to a plaster of Pans model 
of the body follow mg the principles set forth 
for the construction of the pelvic frame of a 
spinal brace Tins is true for tbe plaster of 
Pans technique as well as for the tracing and 
the manufacture of tlie pelvic frame (see 
Chapters i and 2) The budding of tlie pelvac 
frame is facilitated if a separate plaster of 
Pans mold is made for this section of the 
brace The two half sections of the pelvic 
frame are again connected m the back with a 
double frame hinge (von Baeyor) winch ma 
terially adds to tlie stability of the pelvic 
frame connected to a leg brace 

TTie steel skeleton of the pelvic frame 
should be assembled when the brace is fitted 
When its correct fitting to the pelvis is as 
sured we are confronted with the problem 
of connecting the pelvic frame with the leg 
brace To determine the proper location of 
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the trocliantcnc joint and the course of tlic 
trochanteric connecting bar which holds the 
leg brace to the pelvic frame, it is advisable 
to determine the rehtuc position of both sec 
tions witli the plumb line 

The trochanter connection bar is built as 
an extension bar The section below the tro 
chanter joint is fitted to the external loiigi 
tudiml thigh bar and held in place by meins 
of a slot and screws Occisionally, additional 
holes in the proximal lateral set screw plate 
(m the thigh section of the leg brace) are 
provided This set screw plate is then built 
larger than the otliers The proximal section 
of the trochanter connecting bar which is 
attached to the pelvic frame, must be shaped 
according to the contour of the body in the 
hip region between the horizontal trocinntenc 
and iliac bars of the pelvic frame to which 
the connection bar is screwed 

To compensate for a rotatory tendency of 
the pelvic frame when connect^ with a long 
leg brace, countertraction is applied on the 
opposite side b) means of a perineal strap 

THE ISCHIAL SEAT AND 
UNWEIGHTING OF THE LOWER 
EXTREMITIES 

Many of the indications for an ortliope<hc 
appliance for the lower extremities call for 
unweighting of the entire leg including the 
lup joint From what has been said about the 
anatomy and physiology of the lower extrtm 
ities, it might appear a simple problem to 
exclude weight bearing, as nature has provid- 
ed an ideal support for the body weight in 
the sitting position the tuber iscliii It 
would only be necessary to transfer the weight 
from the tuber ischn to the ground m order to 
eliminate weight bearmg from the bones and 
joints of the leg It is true that the anatomical 
structure of the tuber ischu and the soft parts 
covering tlie skeleton in this region furnish 
an adequate support for the body weight and 
a suitable point of action for a brace Never 
tlieless, unweighting the lower extremity at 
the tuber isclm presents a number of prob- 
lems which deserve detailed discussion 


Tlie principle involved is a simple one In 
stead of standing and walking on his leg. the 
patient must sit on a brace which transmits 
the body weight from the tuber ischii to the 
ground The part of the brace winch carries 
the bod) weight at the tuber ischn is called 
“ischial seat ” Tlie ischial seat of the brace 
must conform to the shape of the tuber ischn 
and must fit the body firmly and in such a 
way as to prevent the tuber ischii from sliding 
down from the ischial seat of the brace and 
moxnng away from it in the non weight bear 
ing phases of the gait At the same time, the 
construction must avoid all possible discom 
fort and inconvenience to the patient Tins 
may be caused by the bulk of the brace on 
the inner aspect of the thigh toward the 
perineum, or by the pressure of the brace 
when the patient is sitting doxvn The patient 
may also find it difficult to keep this part of 
the brace clean Finally, considerable bulk 
at the proximal end of the brace cannot al 
ways be avoided and may be \ery cumber 
some, especially for an obese patient 
As to the brace construction in general, we 
have to keep m mmd that unweighting of 
the lower extremitj at the tuber ischn neces 
sitates the elimination of undesirable weight 
bearing contact throughout the entire lengtli 
of the extremity In other words, if the weight 
IS to be transmitted from the tuber ischn to 
tlie ground, the brace must not transmit the 
counter pressure of the ground to any part of 
the leg as would be the case if the brace were 
to fit tight above the femoral condyles or 
below the kmee, or if the heel were to be sup 
ported by the foot part of the brace 
For the same reason, sufficient length must 
be added to the leg measurements when the 
appliance is constructed as a double bar leg 
brace As a rule, a S inch addition must be 
made t<i the measurement of the leg from the 
knee to the ground to provide the unw eight 
jng as the ' non weight bearing zone” of the 
brace is added to the lower-leg section and 
ntrt to the entire length of the brace 

In discussing the different types of ischnl 
seat constructions, we have to mention the 
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Fig S4 Hessing type long leg brace incorporating ischial strap seat and knee lock 
rvith lever action 


Thomas rmg ongmally devised by Hugh 
Owen Thomas * for the unweighting of a 
tuberculous knee joint This has been wdelj 

*The “Thomas nng" -waa desgned Igr Hngl Oven 
n omss of Lverpool (18W 91) sometime between 
1868 and 1872 pnrnanl) for aHLctions of the knee 
JO nt tl ough it was later used to treat fiactores 
There were three ong nal forms of tie spbnt the 
bed splint the patten-ended knee splint and the cal 
{pet spl nt In h s class c monograph Di m t oj tht 
Up kate and Ankle Jo K ! 2nd cd Liverpool 1876 
pp 82-d Thomas ment ons that he first appl ed his 
spLnt to an adult (a case of long standing dironic in 
flammat on of ti e knee jo nt) in January 1869 hav 
ing used it for children some >-ears previously 


used ja the constructioa of unweighting dou 
ble bar leg bnees 

Unweighting of the lower extremities is 
most efficiently achieved by tlie Hessing type 
tschial seat hrace provided that the constnic 
tion of the ischtal seat and of the encasing 
molded leather thigh part of this brace is cOt 
rect This will depend almost entirely on the 
plaster of Paris cast to which the brace is 
instructed The onginal ischial seat of the 
Hessmgt)pe brace was an inte^al part of 
tlie appliance Tlus made adjustments and 
alterations ttchn cally difficult when the pa 
tient gained or lost weight or when the shape 
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of his thigh changed for other reasons All 
those difficulties were climimted with the in 
troduction of the ischnl strip seit to be dis 
ci!sse<l on piges 114-5 Tins may be nstd wztli 
equally good results m connection wth a 
double bir leg brace or with a Ilessing type 
brace 

THE “SITZSTOCk” (ISQUAL SEAT 
CRUTCH) 

The idea of transmitting weight from the 
tuber ischii to the ground bj means of a 


enable tlic patient, after amputation of a leg 
to be up and about long before an artificial 
leg could be fitted and delivered Tins ap 
plnnce, wJiicJi was successful in hundreds of 
wartime cases vvis also effective as an ortho 
pedic appliance for time limited use in the 
treatment of conditions of the lower extrem 
ities which icquired unweighting a leg 
without the necessity for immobilizabon The 
so tailed “Sitzstock or ischnl seat cnitcli for 
the unweighting of a lower extremity, includ 
mg the hip joint is indicated m cases where 



Fig 85 Jointless double-bar isdual slnp seat brace with Pitten 


leather strap under the tuber iscliii was con 
ceivcd b) von Baeyer in 1917, during World 
War I, witli construction of the Sitzstock” 
(ischial seat crutch) to avoid the dtsadv^n 
tages of crutches and, at the same time, to 


the patient must walk as soon as possible 
witliout weight bearing on tlie leg This may 
be advisable when an unweighting leg brace 
IS required but not yet available, or for con 
ditions which do not require a brace for con 
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F:c 86 "Sitzstock" (ischial scat crutch) 


slant wear but \\luch need unwcigbting for 
short periods of tune It is ilso designed for 
patients who must be gradually accustomed to 
weightbearing Tliese are the patients nor 
mail) allowed to get up with crutches 
Because crutches ha\e a number of aery 
definite disadvantages their use should be 
cliininated whenever possible One of these 
disadvantages is their adverse psvchological 
effect man) patients think themselves crip 
pies when they have to rely on crutches On 
the other hand a great number of patients 
especiallv the neurotic type will become 
crutch addicts so that it may be very difficult 
if not impossible to free them from the use 
of crutches Moreover crutches requue the 
full use of botli arms and if used over a long 
period of time the function of the arms mav 
be impaired by tnuma to circulation and 
nerve supply caused by pressure of the crutch 
es m the axillae Hemophilia patients invar 
lably develop hemorrhages and arthropathies 
in the shoulder wlien forced to use crutches 
Tliey cannot heiiefit from the “Sitzstock and 
have to use a wheelchair or a lightweight 
folding walker until their specific orthopedic 


appliances become available Finally the use 
of crutches does not guarantee complete un 
weighting for example of a diseased hip 
joint TJierefore if the patient is not sensitive 
he may submit his leg to undesirable weight 
bearing without being aware of it 
With the “Sitzstock properly applied the 
patient IS enabled to walk about in the same 
manner as he would vvath on artificial leg 
(without knee joint) or wath an unweighting 
ischial seat brace The “Sitzstock" is easilj 
applied and if worn under the clothing is 
only slightly conspicuous 

The appliance consists of a stilt or crutch 
made of light wood the ischial scat strap the 
shoulder strap and one or two straps for the 
leg The details of tlie appliance are readily 
understood from Figure 86 The proximal 
part of the wooden stilt or board is cut suffi 
ciently wide to rest well against the outer 
aspect of the pelvis and the thigh It tapers 
off toward the distal end which is shaped 
like an ordinary crutch carrv ing a rubber cap 
In the hip region the board is shaped con 
cave to conform to the contour of the thigh 
Although this IS not absolutch necessary, it 
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adds to the patient’s comfort and prevents 
rotation One or two pads may be placed be- 
tween the board and the thigh, for instance 
at the level of the trochanter and above the 
condvles at the knees, depending upon the 
configuration of the patient’s legs The shoul- 
der strap, which runs across the opposite 
shoulder, is attached to the wooden board by 
means of screws The board carnes oblique 
slots for the ischial scat strap and the thigh 
strap It may be equally used for a left or a 
right extremity This simple appliance may 
be kept m stock in onlj a few sizes It ma) 
be cut at the distal end to the length of the 
patient, with the finer adjustments being 
made by varjnng the length of the ischial seat 
strap and the shoulder strap If umvcighting 
of a leg. which presents no shortening, is 
desired, the shoe of the other leg must be 
raised exactly as with an ischial seat brace 

The patient rests comfortably on the flex 
ible ischial seat formed by the strap, with the 
board following the movements of the legs 
by means of (he shoulder strap and the thigh 
strap or straps but without the aid of the 
hand 

The use of this appliance is particularly 
recommended for unvveighting the hip joint 
or the femur, following fractures and condi- 
tions such as Perthes’ disease There may also 
be a wide range of indicahons m the after 
care of various operations on the leg follow 
mg the removal of a plaster cast and prior to 
the application of a brace 

UmVEIGIITING LEATHER STRAP SEAT 

If an appliance for umveightmg of the en- 
tire leg IS to be constructed as a double bar 
leg brace, we use the von Baejer leather 
strap seat Tins was designed to replace the 
ischial seat of a Hessmg type brace, an ap 
plnnce that is difficult to build, uncomfort- 
able for the patient in a sitting position, and 
often unsightly when worn by an obese pa- 
tient 

This construction transfers the bod) weight 
from the tuber iscbii and the lower ramus of 
the ischium to the lateral upright longitudi- 


nal bar of a double-bar leg brace In this 
way, the construction differs m two important 
features from other “unvveighting” braces 
First, a soft leather strap replaces the rigid 
and necessarily more bulky ischial seat of the 
Thomas ring or the Hessmg brace On stand 
ing and walking the tuber ischn rests secure- 
ly in the leather loop which naturally con 
forms to the shape of the body and causes no 
irritation at the perineum This is still more 
important for the sitting position which, with 
any of the rigid seat constnictions, means con 
siderable discomfort Moreover, the introduc 
tion of a leather strap as a weight transmit 
ting seat simplifies the building of this type 
of brace 

Second weight is suspended at the proxi 
mal ends of the external longitudinal bar at a 
level above the trochanter 'Ibis calls for just 
one bar of great strength, while tlie other 
elements of the brace may be rather light 'The 
medial upright ends far below the permeum 
and the proximal semi circular band connect 
ing the tivo uprights ma) run far below the 
gluteal fold The support of the body weight 
by the seat strap introduces a force which 
tends to keep the brace closer to the body, 
especially m the region of the trochanter the 
greater the weight placed on the seat This 
makes auxiliary forces, such as a pelvic band, 
superfluous 

The leather strap seat lends itself to prac- 
tically any type of brace construction one 
might select for the needs of the individual 
patient In its most primitive form the ischial 
strap seal brace may be built as a jointless 
brace with a patten with 2k inches of clear- 
ance The ischial strap seat may be uicorpo 
ratexl into any double bar leg brace with ankle 
joints and stimips or sandals, provided there 
is a lock at the kmee joint 

Pressure of the strap on the adductor mus- 
cles can be avoided by adding a rectangular 
bar to the proximal end of the medial up- 
rights One end of the leather strap is nveted 
to its horizontal arm 

After the patient has worn the brace for 
some time, it is possible to trim the trochan- 




Fic 87. Ischial strap seat brace ^vith nng knee lock aoid “Patten." Note heel strap to 
present wcigUt-beanng on foot, and compensator^' lift on left shoe. 


teric pad as much as two inches without 
losing Its unw’eighting e0ect. Where skilled 
labor is as’ailable and the expense is of minor 
importance, the brace may be built with a 
trochanteric lock joint. For this purpose, a 
unilateral double lock svas designed by W. 
Tosberg, which is a modification of the O. I. 
k-nee lock joint. The small lever which oper- 
ates the knee lock simultaneously operates the 
lock for the trochanteric joint. \\'hen the 
patient sits down, the hip and the knee joints 
may be flexed in a normal manner. 

The des'elopment of the ischial strap seal 
brace into an appliance which is inexpenshe, 
easy to manufactm-e— if necessaiy*, wiAin one 
day— and guarantees an efficient unweighling 
of the lower extremity without the visual dis- 
comfort to the patient, has widened the field 
for its vise. Tlve simplest form of the strap 
seat brace has proved extremely satisfactor}' 


in a number of cases of slipped femoral epiph- 
ysis, especiallv when applied m the so-called 
preslipping stage, and m Perthes’ disease 
The more elaborate double-bar leg brace with 
the strap seat and lock joint has been success- 
fully used m the treatment of patients with 
pathology’ of (he hip joint, particularly malum 
coxae senilis AnoUier group for which this 
brace may be recommended is the aged pa- 
tient with non-union of a fracture of the neck 
of the femur. 

Tlie ischial strap seat brace is equally useful 
when the lesion requiring treatment is at the 
knee or foot section of the leg. 

SPIRAL-BAR LEG BRACE 

In outlining the general principles for or- 
thopedic appliances for the lower extremities, 
we hav'e stated that simple leg braces, which 
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•ire not built to a plaster of Pans model of the 
leg must be built as double bar braces, using 
two longitudinal bars Tliere is, ho\\e\er, an 
exception to this rule The use of a single 
bar leg brace is possible and advisable for a 
considerable number of indications proaidcd 
that such a single bar leg brace is constructed 
as a spiral bar brace 

G Hohmann first suggested the use of such 
a brace m 1932 for the treatment of clwonic 
productue osteoarthritis of the hip joint In 
1933, he introduced a spiral bar foot brace 
for the support and correction of certain dif 
ficult deformities of the foot Since then he 
has dea eloped and used the spiral bar leg 
brace for a considerable aanely of deformi 
ties and dysfunctions of the lower extremities 
Following Hohmann’s recommendations we 
ha\e built spiral bar leg braces for certain 
indications and we feel that tins l>pe of brace 
has its definite place among orthopedic ap 
phances for the lower extremities 
The construction of a spiral bar leg brace 
considers the correct static alignment of the 
entire extremity, uath regard not onlv to the 
center axis of gravity and the plumb line but 
also to the element of torsion which plajs an 
important role for painless functioning of the 
weightbearing joints m standing as well as 
m different phases of walking 
To control the position of the joints of the 
foot and the knee, this brace must get a firm 
hold on the foot It then acts on the position 
of the foot in relation to the lower leg and m 
the case of a brace for the entire leg on the 
position of the knee within the alignment of 
the extremiU Two main forces may be intro 
duced with the spiral bar leg brace first, a 
lever action on the foot in the direction of pro 
nation or supination as commonly used m the 
simple t)'pe of single bar low er leg brace for 
the correction of a club foot or a flat fool, 
second a rotatory force, correcting a raal 
alignment to the longitudinal axis of the ex 
tremity m the direction of torsion 
From a technical view’pomt, one may say 
that the spiral bar brace maintains a position 
between the generally inadequate single bar 


leg brace and the larger, heavier, more com 
plicated double bar brace Tlie arrangement 
of the single bar as a spiral encircling tlie 
column of the extremit), places approximate!' 
one*tlurd of the bar on the internal and onc 
third on the external aspect of the leg while 
the middle third runs across the anterior as 
pect of the lower leg or thigh in the case 
a long brace Thus, this construction might be 
considered as elimmatmg a section of the twO 
ngidlj connected longitudinal bars of a dou 
ble bar brace It gains sufiicient stabilit) 
b) the ingenious design of its spiral like 
course It is thus perfectly adequate for the 
treatment of a considerable number of ail 
ments of the low er extremities which require 
a brace for correction and for a moderate d^ 
gree of fixation It is not to be applied how 
ever, for unweightmg of the extremit) for a 
higher degree of support or Exation or when 
immobilization is reqnu’ed 

Tlie spunl bar leg brace is a simple ap 
pliancc Its construction permils considerable 
saving of labor and of material thereby re 
duemg the cost of the appliance For the 
patient it has the advantage of bemg a vei) 
light brace generall) v'om m an ordinary 
shoe, which fulfills the requirement for the 
wearing of a foot plate It is less conspicuous 
than a double bar leg brace an advantage 
from the cosmetic point of view It is easilv 
applied and facilitates later adjustments which 
can frequently be earned out with the aid 0 / 
bending irons onl) 

The spiral bar brace for the loiter leg tf 
indicated for a group of foot deformities 
which do not yield to treatment by an ade 
quate foot brace but which on the other hand 
do not require a large appliance This brace 
IS useful for the treatment of a ngid (spastic) 
pronated flat foot especially for recurrent 
attacks of pain and ngidity followmg closed 
or open operative procedures for correction 
of the deformity Moreover, it has its place 
in the treatment of osteoarthritic conditions 
of the ankle and subtalar joints Frequently , 
the spiral bar lower leg brace is adequate to 
maintain a paralytic pes equmovalgus in good 
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sfitjc alignment In the painful conditions 
which form the chief indication for this ap 
pliance the brace may be abandonetl when 
the pain lias subsifled 

The appliance consists of the foot brace 
the spiral liar and the calf band Tlie foot 
brace and the spiral bar are joined with a 
milled ankle joint winch may have a stop to 
limit dorsifleaion or plantar flexion as the case 


ttemands Although this brace can be made to 
a plaster of Pins model of the corrected fool 
only. Its manufacture is facilitated by the use 
of a plaster model of the entire lower leg 
I or the foot plate 12gauge Alcoa aluminum 
2024 T4 or 16 gauge stainless steel is used high 
carbon tool steel '’i inch x ’s inch for the b ir, 
sheet metal ba inch \ 1 inch for the calf band 
and a “lo inch steel met for the ankle joint 



Appliances for the Lower ExtremUtes 


J19 



Fig 90 Spiral bar Io\\erleg brace with ankle 
stop for paralytic %algus deformity 


The contour of the foot plate is traced on the 
model The sole phte is made either with an 
outer flange at the heel and at the metatarsal 
region to prevent abduction and eversion of 
the foot or its shape may follow the outline 
of the ongmal AVhjtman type foot brace The 
plate IS cut from the metal and hammered on 
the lead following the usual procedure for a 
metal fwjt plate The foot is held in place by 
a leather sandal usually made of molding 
leather Where the requirements for fixation 
of the foot are not so stnet the molding of 
the leather sandal may be eluninaled and a 
simple leather lacing will be used The spiral 
bar follows the longitudmal axis of the lower 
leg from the ankle joint upward to the middle 
third At this le\el the bar crosses the tibial 
crest to the fibular side resuming the longitu 
dinal course to its proximal end where it 
carries a calf band ^^lth the foot brace in 
the corrected position the spiral bar must fol 
low the contour of the lower leg closely ex 
cept for the crossing of the tibial crest xvhere 
pressure must be axoided This may be ac- 
complished b) hammering the bar hoHoix 
over the site of the tibial crest As in e\ery 
orthopedic appliance it is important to place 
the ankle joint in line with the axis of the 
natural joint \Vhen the fitting has been sat 


isfacton the metal parts are nickel plated 
ami the appliance is finished in tlie usual wa) 
bv riveting the molded leather sandal or fhe 
leather lacing to the foot plate and b\ p£‘d 
ding covering and lining the calf band which 
carries a strap and buckle 
To apply the brace the foot is placed in 
the sandal which in itself affords the support 
and correction of an efficient foot brace 
Wlien dealing with a rigid pronated flat foot 
the foot will still have a tendencj to abduc 
tion and external rotation m relation to the 
lower leg Tlie spiral bar therefore will de- 
viate toward the medial side ^\^len placed 
in the proper position on the lower leg with 
the calf band closed wath strap and buckle 
the spiral bar will exert a lever action on the 
foot and w ill correct the abduction pronation 
and outward rotation The brace requites 
very little space within the shoe enabling the 
patient to continue to wear the same shoe if 
desired alternating between the spiral bar 
brace and his regular fool plate The sarfie 
construction principle ma) be applied for the 
pronation as well as the supination defonru 
ties The field for this brace may be enlarged 
by adding elastic forces substituting for latfk 
of muscle power as in the case of a paralytic 
drop foot or by limiting motion at the ankle 
joint by means of the usual stops 
This brace construction may also be us^d 

knee joint Here it becomes a spiral bar long 
leg brace The indications for such an ap 
pliance are of course much more limited than 
for a lower leg brace The outstanding fea 
hire of the spiral bar long leg brace with 
regard to the knee joint is presented b) the 
fact that It controls the static alignment of the 
entire extremity by its action on the foot It 
has a definite action on a varus or valgus de 
vaation of the long axes of the tibia and femiJr 
at the knee joint w hile influencing at the same 
lime the torsion of these two sections of the 
extremity commonly associated with a mal 
alipiment in the frontal plane ^\'hlle it ca" 
neither eliminate weight bearing nor afford ® 
higher degree of fixation the spiral bar long 
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leg brace will improve the working conUitions 
of the knee joint by means of its action on the 
“ilignment of die extremity and by restricting 
ibnormal motions and eliminating shearing 
forces This appliance is chiefly indicated for 
the treatment of arthritis or degenerative joint 
disease and moderate degrees of varus or 
valgus deformities with lateral mstabilit) fol 
lowing tnuma Tlie hrice is built according 
to the specifications described for the spiral 
bar lower leg brace The lower leg bar runs 
from the ankle joint at the internal malleolus 
across the tibia to the external aspect of the 
lower leg An oval external pressure pad of 
18 gauge Alcoa aluminum 2024 T4 51 inches 
X 3‘^ inches m size is added for greater stabil 
ity by providing a firm hold on the lower leg 
below the head of the fibula It is fastened 
to the proximal third of the lower leg by 
means of a strap instead of tlie calf band used 
in the lower leg brace The lower leg bar is 
earned upward toward the knee joint where 
it is linked to the longitudinal extennl thigh 


bar by means of -i simple knee joint permit 
ting flexion and extension The external longi 
tudinal tliigh bar runs in the direction of the 
line connecting the trochanter with Uie exter 
nal epicondyle of the femur usually ending at 
the distal end of the proximal third of the 
thigh To complete the spiral course of the 
brace at the thigh a bar of the same material 
IS riveted to the external longitudinal bar 
which runs transversely over the anterior as 
pect of the tjjigh to the medial side of the 
junction of the distal and the medial thirds 
Tins anterior semi circular bar carries at its 
end a large pressure pad made of 18 gauge 
Alcoa aluminum 2024 T4 with an average size 
of 4' inches x 51 inches Tlie thigh is held in 
a cuff of 6 ounces of russet calf leather molded 
to the plaster of Pans model of the leg with 
the lacing on the external aspect of the thigh 
just posterior to the longitudinal bar Tlie 
fitting assembling and finishing of this brace 
are carried out m the usual manner Special 
care must be taken to have the ankle and knee 
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joints of the brace at the correct sites to avoid 
the introduction of undesirable forces which 
w ould interfere w ith the aim of this appliance 
or at the \er) least cause discomfort to tlie 
patient 

Provided the indications for this brace and 
its fitting are correct this appliance has ils 
distinct merits particular!) in cases which 
require the treatment of the foot as well as 
of the knee joint 

SPLINTS AND BRACES TOR 
TREATMENT OF CONGENITAL 

DISLOCATION OF THE HIP 

Large numbers of splints and braces have 
been designed for the treatment of congenital 
dislocations of the hip joint Many of these 
including the original large Hessing brace 
and later on the "small Hessing apparatus" 
are much too cumbersome for modem usage 
and hav e on!) historical interest At the pres 
ent time a splint is applied at the earliest 
possible moment usuall) as soon as the diag 
nosis is established and this will graduall) 
effect a reduction and maintain it Tlie com 
monly used Trc/kfl pillow splint and the Vret 
herg splint have proved their usefulness As 
they are available in various sizes it is unnec 
essarv to discuss their manufacture 

Most congenital dislocations of the hip dis 
covered during the first years of life rcc^vure 
reduction under anesthesia followed b) im 
mobilization in a plaster of Pans spica for a 
long period of time to encourage development 
of the acetabulum ^Vhe^ the period of im 
mobilization is terminated the cast is usually 
replaced by a removable orthopedic appliance 
maintain reduction of the dislocation and 
permit the ch Id greater activity 

Celluloid or leather hip spicas or double 
hip spicas have been used for this purpose as 
hav e plaster of Paris or celluloid beds which 
include the legs or at least the thighs Tlieir 
manufacture uses the molded leather or cel 
luloid technique described for other ortho 
pedic appliances and requires no repetition at 
this point 



Fic 92 Frejka abduction pillow splint 



Fic 93 Freiberg spbnt for congenital disloca 
tion of Uie liip (Courtesy Alfons R Claubitz ) 
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We prefer a nther simple device which is 
pnrticiilarly useful m the after care of bilat 
eral dislocation in small children This brace 
consists of a pelvic band cut from sheet metal 
( the gauge and w idth determined by the pa 
tients size) witli a cuff for each thigh The 
pelvic band is covered and lined with leather 
or sewn to a narrow corset or belt of could 
M itli a lacing at the anterior midline Tlie cuff 
for the thigh consists of a rigid section of 16 
gauge Alcoa aluminum 2024 T4 shaped to 
conform to the anterior aspect of tlie thigh 
covering the entire width and approximately 
two thirds of the length from the patella to 
the grom A leather cuff is cut to the pattern 
of the thigh encasing the entire thigh from 
the patella to the groin on the anterior aspect 
This IS much shorter on the posterior aspect 
in order to permit rectangular flexion of the 
knee joint The leather cuE is fitted with eye 
lets and lacings close to the median edge of 
the sheet metal to which the leather is riveted 
The pelvic band and the thigh cuE are con 
nected by means of a 1 ght bar of ’» inch by 
\ inch high carbon tool steel on either side 
This brace is usually applied for a bilateral 
dislocation when the Inp joints must remam 
immobilized with the thighs in 90" of flexion 
and 90" of abduction and the entire leg held 
m the frontal plane of the bod) with the exact 


degree of flexion adduction and rotation de 
termmed by the stability of the hip joints 
found at the time of reduction Fitting the 
brace to a patient in this so called frog posi 
lion" the bars connectmg the pelvic band 
wth the tlifgh cuE form a right angle These 
bars are riveted to the external aspect of the 
pelvic band and to the top of the metal plates 
which form the rigid part of the thigh cuEs 
The bars v ill therefore lie in the frontal plane 
of the body with both arms of the right angle 
parallel to the longitudmal axes of the trunk 
and the thighs respectively 
After the bars are nickel plated and the 
pelvic band and the thigh cuEs covered lined 
and fitted wath lacing the brace is ready to 
replace the plaster of Pans double hip spica 
winch has been bivalved for the brief penod 
necessary for the budding of this appliance 
The brace although small and light is quite 
adequate to mamtam successful reduction of 
the hip joints especially in a smaller child 
One of its great assets is the simplicity with 
which changes of jxisihon of the legs neces 
sary during the course of treatment are car 
ricd out When clmical and roentgenological 
examinations show that the roof of the acetab 
ulum IS beginning to form thus increasing 
the stability of the h p joints the degree of 
abduction and flexion is gradually diminished 
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Using Uvo bending irons or bending pliers 
the “ingle formed by the bnrs connecbng the 
pelvTc band and the thigh cuff is easily ad 
justed so that joints are not necessary to the 
construction of this appliance 
This brace is also useful for unilateral dis 
locations The normal leg must be held in a 
thigh cull as m a bilateral case but the angle 
of the sound hip may be adjusted to a more 
comfortable position M e consider this appli 
ance as the brace of choice in the after care 
of congenital dislocations of the hip for our 
youngest patients It is not intended as a 
walking brace as it does not afford sulDcieiit 
stability for weight bearing nor can it guar 
antee fixation of the hip joints on walking If 
honeier at the end of treatment tilt hip 
jomt has developed sufficient stability the 
use of this brace may be continued for addi 
tional safety while the patient is up and 
about 

We should also like to mention an appliance 
designed by Holimann for the purpose of 
stimulating the development of the acelab 
ulum m a case of reduced congenital dis 
location of the hip where the x ray picture at 
the end of prolonged treatment in plaster 
spicas shows an unsatisfactory development 
of the roof of tlie acetabulum Hohmanns 
brace consists of a pelvic band to which an 
abdominal corset may be attached A longi 
tudinal steel bar with a simple joint at the 
knee and at the trochanter permitting flexion 
and extension is placed on the external as 
pect of the leg from the pelvic band to the 
calf holding the thigh with two semi circular 
bands and cuffs and the lower leg wiUi one 
at the distal end of tlie bar A pressure pad 
below the trochanter introduces a force which 
acts on the external aspect of the thigh press 
mg the head of the femur as deep as possible 
into the acetabulum Tins is accomplished by 
riveting the pressure pad to a spring which 
in turn is riveted to the inner surface of the 
longitudinal thigh bar above the knee Tlie 
spring holds the pressure pad in the desired 
position while a long set screw through tlie 
proximal section of the thigh bar below the 
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trochanteric lunge regulates the pressure 
Worn day anil night tlie brace permits flexion 
and extension of the hip and the kmee joint At 
the same time it stabilizes the position of the 
head deep m the acetabulum \^en the brace 
is first applied an abduction of 145® at the 
hip joint and a moderate internal rotation of 
the leg are mamtamed As soon as the x ray 
shows some development of the roof of the 
acetabulum the abduction is decreased and 
walking with the brace is permitted 

The Short Hip Brace 

Tlic painful and disabling symptoms of the 
lap joint generally referred to as degeneratn c 
joint dismse or osfcoartJintis may follow in 
the wake of many pathological conditions 
Whether congenital originating in infancy or 
adolescence or resulting from a fracture of 
the hip they are largely disabling the patient 
in the older age group (malum coxae senilis) 
Tliey ha\e in common a dysfunction of the 
hip joint caused by an incongruence of the 
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'irticular surfaces of the liead of the femur 
and tlie acetabulum 

Hohmann designed a short hip brace in 
1932 which has had a great measure of sue 
cess in treating these conditions and which 
may bo used in various modifications depend 
mg on the special requirements of the indivi 
dual case 

As a rule clinical examination in these cases 
reveals painful limitation of extension and 
abduction and fixed external rotation of the 
leg Hohmann s brace allows correction of the 
jJirnn elements of the deforxojty adxluebnn 
flexion and external rotation Gaming a firm 
hold on the pelvis as xvell as on the thigh the 


appliance introduces the forces which abduct 
and internally rotate the leg by means of 
a lateral bar which runs from a trochantenc 
joint down the external aspect of the tliigh 
crossing over the anterior aspect of the thigh 
well above the patella and ending m a pres 
sure pad over the medial condyle of (he fe 
mur A force for increased extension of the 
hip joint IS introduced by means of a posterior 
elastic thigh strap or by a spring joint at the 
trochanter 

Tins appliance permits a certain degree of 
conlrrA />! wotion at the hrp femt Its thera 
peutie success is chiefly caiisexl by abduction 
which cinnges by degrees the weight beanng 
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contact of the femoral head and the roof of 
the acetabulum from the most diseased to a 
less involved section. 

Inasmuch as the more advanced stages of 
degenerative hip disease are frequently asso- 
ciated with flexion, adduction and external 
rotation contractures with marked muscular 
rigidity, but usually without adhesions or 
connective tissue shrinkage, this Ilohmanii 
short hip brace should not be applied without 
previous release of these contractures by ma- 
nipulation under anesthesia. To give this 
appliance a certain amount of stability, wc 
have found it advisable to construct the pelvic 
part of the brace as a hinged lower-back 



brace. This means that the short section of 
the single bar proximal to the trochanter joint 
is attached to the pelvic band of a hinged 
lower-back brace (see Chapter 3). Tims we 
increase the lev^r of the supra-trochanteric 
part of the appliance, stabilize the brace in all 
directions, and give the patient a support for 
bis lumbosacral region and abdomen. 

Tlie short hip brace consists of a single long 
bar forged from S inch x Je meb high carbon 
tool steel. The bar carries a single joint for 
flexion and extension, located at the major 
trochanter. The short arm of the single bar 
nins from the trochanter joint to the pelvic 
band and is forged wider at the proximal end 
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m order to make (he necessary contact with 
the pelvic band Tlie thigh bar runs from the 
trochanter joint downward following the 
course of a line connecting the lip of the ma 
jor trochanter with the external epicondyle of 
(he femur through the proxirnil two thirds of 
the thigh At the distal border of the middle 
third the bar turns almost at a right angle 
crossing the anterior aspect of the thigh about 
2 inches above the patella and ending on the 
inner aspect of the thigh just above the inter 
nal femoral condyle The bar gams its hold 
on the inner aspect of the tlugh h} means of 
a pressure pad cut from 18 gauge Alcoa alum 
mum 2024 T4 in the shape of a square Its 
size depends on the individual patient It 
should be large enough to distribute pressure 
over a sufficient surface that is the medial 
aspect of almost the entire distal third of the 
thigh and jet not so large that it interferes 
with the function of the knee joint and the 
muscles controlling it The bar carries a 
semi*circular thigh band cut and hammered 
to shape from sheet metal Tins band en 
circles the thigh below the trochanter joint 
Its length IS determined by the measure of 
half the circumference of the thigh at this 
level The level at winch tins transverse band 
is riveted to the longitudmal bar is deter 
mined by the fact that its posterior part must 
remain below the gluteal fold with the pa 
tient standing and its anterior part must not 
cause discomfort at the prom with the pa 
tient sitting This band is connected with the 
longitudinal "bar "by means oT two nvets di 
viding the semi circular band in the ratio of 
1 2 with one third lying antenorly to the 
longitudinal bar and two thirds posteriorly 
It 1 $ practical to ha\e the two parts not in a 
straight line but forming an angle at the con 
nection ivith the longitudinal bar the anterior 
part forming a right angle with the long bar 
while the posterior part runs downward thus 
increasing the distance between the narroiv 
thigh band and the pelvic band on the pos 
tenor aspect The band to which the short 
arm of the longitudmal bar is riveted corre 
spends to the pelvic band of the hmged imver 


hack brace as described on pages 74 6 It dif 
fers insofar as it does not end at the level of 
the trochanter but continues toward the abdo 
men ending on both sides about an inch 
meiiially to the anterior superior spine On 
the outer aspect of the pelvic band from the 
trochanter bar and the anterior lateral up 
right to the posterior upright of the same side 
a strong wire or small rod is riveted and 
braced which forms an S or Z shape and 
serves as ittachment for the posterior exfen 
Sion strap The rod is attached to the pelvic 
band near the posterior lateral upright at its 
upper border In its course toward the tro 
chanleric end it runs upward for a lengtii 
ivhich corresponds to more than the width 
of the extension strap then bends sharply 
downward slanting toward the distal end of 
the pelvic band in the trochanteric region 
The exact bending of this rod is done at the 
time of the Biting in order to fulfil] the pur 
pose of the extension strap by tightenmg it 
when the patient is standing and Nvalking and 
relaxing it bj sliding it toward the trochan 
lenc end of the rod through the clolhmg The 
steel skeleton of the short hip brace com 
bined with the hinged lower back brace is 
readily understood from the illustrations 
After the first fitting the brace is finished in 
the usual manner by padding the pressure 
pads and the narrow thigh band by covering 
the hmged lower back brace and completmg 
the appliance with an abdominal belt or cor 
set front according to the requirements of 
the mflivj&ua'l case Tne extension ^trap 'lor 
the hip joint is seivn to the S or Z shaped rod 
and the corresponding buckle is sewn to the 
narrow thigh band at the correct location in 
the medial line of the postenor aspect of the 
thigh The brace is completed above the knee 
bj sewing two straps and buckles to the prox 
imal and distal ends of the inner thigh pres 
sure pad 

If the only jo nt of this brace at the greater 
trochanter is built as a spring joint or if a 
spring IS added at this level for extens on one 
can dispense with the extension strap in the 
back and its attachments 
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The efficacy of this brace depends up(*n 
the correct location of the trochanter joiPf 
which must permit flexion and extension pf 
the hip joint without shifting the position of 
the brace on the bodj, and upon the effective 
introduction of the three forces which must 
bring the leg into abduction, extension, and 
internal rotation 

Abduction of the tlugh the most important 
element of correction, is controlled bv the 
relationship of the external longitudinal 
to the lunged lower back brace The force »s 
introduced chiefly by means of the ipressufe 
pad over the medial femoral condyle The 
amount of abduction is regulated by the uSe 
of bending irons Complete correction of ex 
temal rotation is frequentl) impossible, but 
this deformity may be decreased to an almost 
neutral position b) proper bending of the loO 
gitudmal bar, while the large inner tlugh preS 
sure pad over the interna! femoral condyle 
transmits the corrective force The construe 
tion, manufacture and fitting of this ortho 
pedio appliance do not present senous difficul 
ties It IS inconspicuous under convention®! 
clothing, and uhether it is made vvilh an 
elastic or semi elastic front, it improves th® 
posture and permits the patient complete corO 
fort in a sitting position All desirable adjust 
ments can be made by means of bending 
irons, by shortening the elastic strap, or b) 
tightening the spring at the trochanter 

SPLINTS AND BRACES FOR THE KNEE 
Among the patliological conditions of tb® 
knee joint for which an orthopedic applianC® 
IS indicated, many do not require a major ap 
paratus for the lower extremity, such as th® 
Hessing type, the double bar, or even th® 
spiral bar brace, described in the earlier parts 
of this chapter An elastic knee cap an ACE 
bandage, a strapping or a vanety of so-called 
short knee braces " are frequently used Marl) 
of these, however, cannot fulfill the require- 
ments of support and partial immobilization 
of the knee joint while at the same tune, pef 
milting normal circulation to the lower leg 


Posterior Vlexible Knee Splint 
The simplest appliance which meets these 
conditions is the posterior flexible knee spluit, 
which, if properly applied, affords not only a 
considerable degree of immobilization of the 
knee joint, but also protects the neurovascular 
structures m the popliteal region Conse- 
quent!), a great deal of compression can be 
used to reduce swelling of the knee jomt 
where indicated, without interfering with cir 
culation below the knee 
This appliance consists of a large felt pad 
reinforced wildi three stedl springs or xvba\e 
bones 

The basic matenal is be inch fine quality 
white felt cut to a pattern 12 inches long 
and 4 inches wide at the “waist,’ which cor 
resj^nds to the knee jomt This widens at 
the top to 51^ inches and at the calf end to 
4’** inches Tliree springs of blue spring steel, 
inch wide, are cut to a length of 9 inches 
with the ends rounded and smoothed A 
piece of white or gray coutil is cut to twice 
the widdi of the felt and to the length of the 
splint, adding two inches at each end for the 
seam The coutil is sewn on the felt in a 
double layer The spnngs are inserted and 
the free ends are turned back and seamed 
down, thereby protecting the ends of the 
steel spnngs with four layers of coutil 

The splint is kept m stock m two or three 
sizes for immediate use in emergencies Placed 
on the postenor aspect of the leg in the pop 
liteal space and held in place by a 3- or 4 
inch ACE bandage, it gives excellent support 
to a painful knee joint The elasticity of the 
spring steel permits a sufficient degree of flex 
ion and extension to enable the patient to 
walk and sit comfortably The whalebones 
will not, however, bend over the edge and 
this eliminates lateral movement in the direc 
tion of abduction and adduction of the lower 
leg as well as rotation The felt pad is worn 
directl) on the skm to which it readily ad 
heres It does not shift its position without 
requiring undue constriction by turns of the 
ACE bandage The postenor flexible knee 
splint may be used to advantage whenever 
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fixntion and moderate immobilization of a 
knee joint are desirable particularly where 
lateral strain must be avoided Tins is the 
case in injuries to the lateral ligaments and 
to the semilunar cartilages following surger) 
for removal of a torn semilunar cartilage or 
preliminary to the manufacture of a leather 
strip knee brace 

The use of this splint in combination with 
an ACE bandage does not produce impair 
ment of circulation which is frequently asso 
ciatcd with application of an ACE 1 andage 
a circular strapping or an elastic knee cap 

Tins appliance has also proved most val 


uablc as an emergency splint for the many 
knee injuries resulting from mishaps m sports 
or traffic an<l involving the hemophilia pa 
tient It is also indicated postoperatively for 
almost all surgerv on the knee joint not fol 
lowed by application of a cast 

For the more sjvecific requirements of hemo 
philia patients the so called hcmophilii 
emergency splint” was designed to afford rigid 
immobilization of the knee joint at an) de- 
sired angle of flexion Tliis splint which can 
also be used for the elbow is applied with 
one or two ACE bandages and should be 
kept in stock in a few sizes 
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Leather'Strip Knee Brace 

Tlie leather-strip knee brace was designed 
by J Fuchs for the treatment of a painful 
knee joint caused by various pathological con 
ditions, such as chronic synoMtis, degenera 
tne joint disease, recurrent h) drops and the 
many sequelae of trauma Tins appliance 
solves the difficult problem of supporting the 
painful knee jomt while, at the same lime, 
eliminating undue strain, excessive motion 
and faulty alignment of the articular surfaces, 
ir/thout latarieirvig mth the deso’sHe degree 
of function or with the circulation 

In 1927, Fuchs published a text book offer- 
ing a detailed discussion of the use of the 
leather strip technique ^Vh^le he desenbed 
his technique for almost esery indication 
requiring a brace m orthopedics, we have 
limited its use to conditions of the knee, ankle 
and foot Results obtained in several hundred 
cases, especially m the treatment of osteo 
arthritis of the knee joint and similar condi- 
tions where a leather strip knee brace was in- 
dicated, have been so gratifying that xve re- 
gard the appliance as one of choice for the 


prolonged ambul itory treatment of these 
cases A considerable number of orthopedic 
surgeons using this construction have reported 
similar good results 

rhe leather strip technique is quite exacting 
and requires a skilled leather worker, a good 
deal of practice and plenty of time Given 
these cond'tions, together with meticulous at 
tention to the specifications outlined by Fuchs, 
the end product will be a superior orthopedic 
appliance thit guarantees a degree of satis 
faction to the patient, rarely encountered 
with other types of braces For this reason 
we feel that a detaded description of the 
leather-strip knee brace is well justified 
A typical leather stnp knee brace consists 
of five or six single transxerse strips of soft 
leather covering the region of the knee joint 
from approximately 5 inches above to 5 inches 
below the patella To hold them m position 
tJiese cross stnps are sewed to two longitu- 
dinal strips fitted xvith e)elets for lacing Calf 
leather is used A bracemaker experienced m 
the manufacture of the leather strip knee 
brace must frequently search the market for 
faultless skins These ha\e a characteristic 
feel Tlieir elasticity frequently determines the 
efficacy of the brace A light color which does 
not fade or stJin is desirable 
The bracemaker cuts the five or six trans 
verse strips and the two longitudinal eyelet 
strips to a standard pattern that is varied ac 
cording to the size of the patient's leg The 
patient lies down with the knee slighti) 
Shred snU dte hather is stretched snd meSdsd 
on the skin The first strip is applied to the 
center of the kmee, using surgical clamps or 
hemostats to assure tight fitting When the 
first stnp is m place, tiie knee is flexed and 
extended m order to find the correct location 
of the strips m rehtion to the axis of the knee 
joint Next, the two proximal and two distil 
stnps are applied m a similar manner, with 
the stnps overlapping each other like shingles 
Tile position of the longitudinal strips with 
the cjelcts depends upon the purpose of the 
brace and vanes accordingly In some cases 
limitation of movement and compression of 
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Fig 100 Manufacture of a leather slnp knee brace (a) Tlie leather stnps and the 
molding block (b) clamps and cbps (c) center stnp tn position (d) three stnps in 
position (e) five stnps m position (f) the loogitudinil stnps are attached (g) the 
appbance ready for sewng fh) the finished app^ince on the leg {i and k) The 
leather stnp knee brace may be reinforced by tliree steel whalebones in the back, per 
mitting flexion and extension of the knee )oint while eliminating lateral movements 






Fig 100— Continued 







Appliances for the Latter Exiremities 


135 



Fic lOO-Continued 


an effusion are desired, >vhile m others the 
aim IS to produce lijperemia of the knee joint 
The stnps may be applied so that a ten 
dency toward extension of the k-nee joint 
results or, m other cases, to obtain a tendency 
toward flexion or limitation of a recurvatum 
^Vhen all the leather strips are properly 
molded and fitted, their relative position is 
marked off with a pencil and the two longitu- 
dinal strips for the lacing may be held in 
place by rubber cement The clamps are 
remoxed and the appliance is ready to be 
sewn Next, the ends of the transverse strips 
are trimmed to avoid too much overlapping 
although sufficient material is retained to 
CO' er the skin beneath the lacmg in case of an 
effusion into the knee joint Finally, the holes 
for the eyelets are punched The ejelets are 
mserted and a silk lacing of matching color 
is added 


The brace permits control of an effusion, 
as well as an increase of synovial fluid through 
the production of hjperemia As it does not 
interfere with the proper play of the quadn 
ceps, it causes little if any muscular atroph} 
Talcum powder is abundantly applied to the 
skin before the brace is fltted to the patient 
to facilitate easy gliding of the strips on move- 
ment of the knee jomt 
Sometimes a higher degree of immobiliza- 
tion IS necessary as, for example, when an 
osteoarfhntic joint becomes acutely pamful 
followiug a sprain or locking of the knee 
jomt For this purpose we have added a very 
simple fixation device by fitting the proximal 
and the distal strips with three small pockets 
at the back which permit the insertion of 
three whalebones in the popliteal space These 
the patient can insert or remove whenever 
necessary ^Vhen in place, the) allow suffi 



136 


Orthopedic Appliances 


cient fle'cion and extension to render willing 
ind sitting comfortible The) do not how 
ever bend over tlie edge so tint there js no 
literal motion or striiii on the joint 

The brace must be fitted by or under the 
supervision of the orthopedic surgeon is the 
vinous indications for this applnnce neces 
sitite mdmduil adjustments Once the brace 
IS properly fitted it requires practicilly no 
care although it may be ironed if necessary 
The patient is instructed to apply the brace in 
the morning while still in bed ind he may 
wear it throughout the day It causes neither 
chifing nor discomfort provided enough lal 
cum IS used to insure proper gliding of the 
strips 

\VhiIe the leather strip technique is chiefly 
used in the treatment of the conditions of the 
knee joint mentioned above the same tech 
nique lends itself well for certain conditions 
of the ankle and foot as shown in Figure 101 

Hemti Type Elastic Knee Brace 

Searching for an orthopedic nppliance for 
the knee joint that would be as effective as 


the leather strip knee brace but much easier 
to manufacture we adopted a front lacing 
long elastic knee brace with posterior steel 
bars and hinge and have been using it for 
the past twenty years 

Tins brace was designed in 1939 by E R 
Hewitt engineer and inventor after long 
experimentation in a search for adequate sup 
port for his own painful knee joint The brace 
was therefore introduced as the Hewitt type 
clastic knee brace “ 

Tlie appliance is made of heavy woven elas 
tic sncli as is commonly used for a knee cap 
It IS woven to the patients measurements or 
cut from stock material It is reinforced b) 
solid leather lace stays m front and two spring 
steel bars with a piano hinge m the back The 
leather ejelet strips are cut to a pattern which 
curves around the patella The lacing permits 
separate adjustment of the elastic material to 
the thigh and lower leg sections of the knee 
In the region of the knee the brace is laced 
in the fashion of a tobacco pouch avoiding 
pressure on tlic patella while at the same 



Fig 101 Leather ship brace for t1 e ankle and foot 
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time, exerting a concentric pull which idds 
considerably to the support offered b\ this 
elastic material in every position of the knee 
joint Posteriorly, two large leather pockets 
are sewn on to tlie thigh and lower leg section 
of the clastic material Two pieces of spring 
steel Ik inches by ^“i hi inch are articulated 
by means of a solid bronze hinge, milled in 
ten sections The steel bar for the thigh a\er 
ages 5a inches in length, and the bar for the 


been worn for a short while, it is advisable to 
nvet the proximal arm of the hinge to the 
leather pocket This will prevent a tendency 
of the bnee to ride dowm In addition loops 
may be attached to the proximal end of the 
brace so that it may be held up by the garters 
of a girdle when the appliance is worn by 
women with heavy or cone shaped thighs 
While the original design of the Hewitt 
type elastic knee brace has been continuously 



Fic 102 Hevntt type elasbc knee brace 


lower leg \s 4b vnehes long The leather pock 
ets must be approximately h inch longer in 
order to permit flexion without undue pressure 
of the metal binge on the posterior aspect of 
the knee When the steel bars are inserted into 
the pockets the hinge lies m the center of 
the popliteal space This hinge permits flexion 
and extension of the knee joint but prohibits 
lateral motion m order to avoid undesirable 
strain on the lateral ligaments and internal 
stnictures of the knee joint 
The degree of flexion allowed by the brace 
IS established by the relationship between the 
length of the arms of the poslenor hinge and 
the leather pockets The longer the arms the 
less flexion is permitted After the brace lias 


m use there have been a few modifications 
The original brace uses unlined separate 
leather tongues above and below the knee 
leaving the patella uncovered For hemophilia 
patients the appliance has been fitted with a 
one piece foam rubber padded leather tongue 
for greater protection of the knee In some 
of tliese cases flexion of the knee may be 
further restricted by using a solid spring steel 
bar in back in place of the piano hinge 
For patients with temporarily weak quadri 
ceps and lack of stability from incomplete ex 
tension an extension spring added to the pos 
tenor hinge has been very beneficial Also m 
cases of traumatic or recurrent dislocation of 
the patella the Hewitt type elastic knee brace 
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has been successfully used with a special 
pressure pad uiserted at a point where it 
would prevent lateral movements of the pa 
tella 

DROP FOOT BRACES 
Treatment of a pes equinus or drop foot 
frequently calls for the use of an orthopedic 
appliance Brace constniction will be in 
fliienced by the type of deformity to be treat 
ed as well as by the purpose of the appliance 
As to the former we must classify the condi 
tions as fixed or flexible and according tO 
their origin as paralytic spastic traumatic 
arthritic and so on Concerning the latter, the 
appliances may be divided into night braces 
and walking appliances 


care following surgery such as for lengthen 
ing of the tendo AchiJIis 

Appliances designed to correct a deformity 
especially a fixed or rigid one must permit 
the application of corrective forces The three 
point system must operate here as always In 
the case of an equinus deformity one correc 
ti\e force must act on the ball of the fool 
one on the postenor aspect of the lower leg 
and the opposing force must function dorsally 
at the instep 

\Vliile the introduction of the three point 
system is the mam object of a corrective drop 
foot night brace an appliance of this type 
should be built along simple lines and in 
such a way that it can be applied easily and 
lastened wifh one or two straps Obvious!) 



Drop Foot Night Braces 

A drop foot night brace is used as a mat 
ter of prophjiaxis so that an equinus deform 
ity will not develop under prolonged bed 
rest or in cases of muscular imbalance caused 
by trauma or neurological disease Because 
these preventive drop foot night splints do 
not have to introduce corrective forces their 
construction is very simple Plaster of Fans 
splints felt covered aluminum splints or sun 
pie celluloid drop foot night splints may be 
used The celluloid brace is used for after 


an ambulatory adult patient with a spastic 
hemiplegia would hardly wear a drop foot 
night brace if it were difficult to apply unless 
he had adequate nursing care 

In constructing a drop foot night brace that 
fulfills the necessary requirements it is prac 
tical to introduce the forces on the ball of 
the foot and at the posterior aspect of the 
lower leg by means of a "lialf shell ” made of 
celluloid or molding leather to a plaster of 
Pans model Tlie foot section corresponds to 
the distal half of a celluloid foot plate The 
lower leg IS held in the middle third just be 
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Fic 104 Simple celluloid drop foot night splint 
to maintain correction 

low the bulk of the calf muscles by a half 
round section about 5 inches wide, which 
covers the posterior half of tlie circumference 
^Vhen the celluloid or leather parts are hard 
ened on the model they are fitted with a 
transverse, semi circular band of sheet metal 
at the calf and a similar band or light bar 
under the ball of the foot Two longitudinal 
bars are forged from S inch round edge high 
carbon tool steel to connect the semi circu 
Hr band at the lower le^ and the transverse 
bar under the ball of the foot on either side 



Fic 105 Diagram Correction of ngid pes 
equinus (From Hans von Baeyer Grundlagen 
der orihopadtschen Mechanik Berlin 1935 cour 
tesy Julius Sponger ) 


njese longitiKhml bars follow a straight 
course on tlie estemal and mtcmal aspects of 
the lower leg to about 3 inches above the mal 
Ieoh from where they are traced posleriorlj 
towards the heel, encirclmg the malleoh and 
bending almost at right angles to the mtemal 
and external aspects of the foot, ending at 
the same level in a line with the metatarsal 
heads These two longitudinal bars which 
are required to introduce the three forces op 
eraling on the foot, are articulated to the sole 
plate with a simple joint This permits motion 
of the sole plate around a transverse axis so 
that {t can follow the sole of the foot when the 
position of the ankle joint is changed by 
decreasing the degree of equmus The prox 
ima! end of tlie two longitudinal bars may be 
rigidly connected with the lower leg section 
of the brace by rivets, or a joint may be used 
permitting some motion for this section The 
latter is preferable in many cases In ever) 
instance a posterior semi circular bar must 
be added as a third transverse structure to 
stabilize the position of the longitudinal bars 
This bar must be wide enough to avoid pres 
sure on the tendo Achillis A well padded 
leather strap over the mstep of the foot which 
IS attached to a stud on the external and Inter 
nal longitudinal bar at the point of the angle 
toward the heel completes the simplest form 
of this appliance Tins is finished in the usual 
way by nickel plating tlie metal parts or b) 
covenng them with leather and by Iming the 
half shells 

In this brace, the leg finds its nght place 
almost automatically because of the accurate 
form of the sole plate and the lower leg sec 
tion and the swinging motion which these 
sections have at their connection with the 
longitudinal bars The opposing force of the 
three point s) stem is now added by passing 
the strap over the instep using as mudi pres 
sure as the patient can tolerate without dis 
comfort or interference with circulation No 
additional straps or heings are required to 
hold the foot m position This means that the 
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Simple drop foot brace 
Alfons B Glaubitz ) 


(Courtesv 



Fie 108 Postenoi drop foot splint with caU 
bind attached to fiberglass foot plate on the left 
and leather-covered metil plate on ll e nght 


p'llient lias onl) one strap to fasten ^^hen 
appljing the bnce 

Drop Foot Walking Brace 
A drop foot walVang splint or brace is 
chiell) incite itccl in neurological conditions 
such as the pinl)tic and the spastic drop 
foot The piral) tic drop foot is usual y found 
in 1 leg recjuiring a more evtensive bi ice tint 
incorporates ankle stops elastic straps or 
spring joints at the ankle for dorsiflevion of the 
foot Tlie spastic drop foot hosveser benefits 
greatly from a simple posterior steel spring 
splint Preliminar) surgery for lengthening of 
the tendo Achillis may be necessarj in these 
cases 



Fig 109 A on Baeyer s drop foot walking ap 
phance Tite “spur" and the t\so elastic straps 
are attacicd to the sloe upnght and calf band 
Dia) be used mill several shoes 
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Fie 110 Ilemophilii l<mtr Itg Jjraee for correction of resiitual equim s deformity with 
Lofslnnd spniig joints «t tl c -inkle A sepirate ankle cuH is u^ecl to lio!d the heel to 
the foot plate of tJie smdil Note the smiH key iiisetied into the Lahtrancl spnng j not 
to elimnnte tl e spring ichon when the brace is put on After remoxal of this key 
spring iclion forces the foot genllv into more dorsjfleMon 



Fig 111 orm gear on -inkle joint of tiemophil a Ifessing bnee for gridual correction 
of residual equinus deformity over a long period of time 


Tins type of applinncc. im) lie worn in a of Pans model of the foot One end of a sltel 
regiihr shoe attached to the shoe or con spnng or -i bundle of springs depending on 
structed so tint the shoe forms part of the the desired spring action is rixtted to the cx 
brace tcmal or plantar surface of the foot phtc 

The simplest appliance consists of a ccllu rncJiing almost to its distal end This spring 
loid or fiberglass foot phtc made to a plaster is bent sligbtlj posterior to the patients heel 
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to fonn a right angle with the longer arm 
extending upward on tJie posterior aspect of 
the lower leg to the mid calf Tlie upper end 
of the spring is slotted to permit attachment 
of 1 modentel) padded, semi circular calf 
band with straps and buckle The slots in 
the upper end of the spring (suggested b\ 
Hohmann) ehmiinle friction between the 
brace and the leg on movements of the fool 
This \er) light and easil) applied brace is our 
preferred drop foot splint for most elderly pa 
tients with spastic hcmiplegn 
WTiile this walking brace mnv be worn m 
the patients regular shoe, there is also a def 
mite indication for the attachment of the same 
tj’pe of posterior spring steel splint to the 
shoe Here, the foot end of the spring steel 
sphnt IS connected to a steel plate which is 
riveted to the shank of the shoe where it must 
reach down to the metatarsal heads Because 
this sphnt is placed outside the counter of the 
shoe a leather loop or small strap and buckle 
are needed at the upper end of the counter to 
hold the splint and increase its dorsiBectmg 
efficiency 

In passing it should he stated that a com 
pensatory equinus deformit) m a short leg 
«hould not be corrected \Vhere it causes pain 
however it should be supported bj a suitable 
foot plate or by the forefoot eqmnus shoe 
Many or vwodv&cjAvows wf dve 

drop foot splint and brace described above are 
practicable Wc should like to mention a 
combination of a corrective drop foot nigbt 
brace with a walking appliance For coircc 
tion of residual equimis deformities from 
hemorrhages into the calf muscles of hemo 
phihac patients vve have used a Hessing type 
lower leg brace with ankle spring joints for 
dorsifiexion of the foot With this construe 
tion a separate ankle cuff is needed to hold 
the heel to the foot plate of the sandal 

extension braces for excessive 

SHORTENING 

Tlie orthopedic surgeon is often confronted 
'vith the problem of compensation for a short* 


er leg Frequent!), a patient is unaware 0^ 
moderate incquahtj in the length of his legs 
This IS discovered almost accidental!) during 
examination of a patient who ma) complain 
of lower hack pain or vvho seeks advice be- 
cause one hip is “slicking out ” A pelvic ob 
hquit) IS found which ma) be caused by a 
difference m length of the legs The influence 
of one shorter leg on the position of the pelvis 
and the spine, and consequently on the static 
and dynamic conditions of the entire hod), 
has already been discussed m Chapter 3 (sec 
lion on von Bae)er's “Closed Cham”) This 
IS not the place to enumerate all the causes of 
shortening of one leg, or the various mdica 
tions for treatment We can assume that we 
are dealing with a fixed difference m leg 
lengtlis and that the shortenmg of one leg i5 
the end result of mjur) or disease, regardless 
of whetlier this has required treatment bj 
orthope<hc surgery The question is whether 
vve have to compensate for shortening of th^ 
leg and if so, how this is to be accomplished 

Nature normally compensates for shorten 
ing up to one inch, b) lowermg the pelvis on 
the short side, and beyond one inch by devel 
oping an equimis position of the foot which 
over a long penod of time, gradual!) leads to 
tightening of the tendo AchiUis The pelvic 
obliquity, as w ell as a moderate eqmnus posi 
tion of the foot, may compensate for the short 
er leg without the patients knowledge and 
without visible influence on standing and 
walking 

Despite nature’s course, we feel that an 
orthopedic appliance should be used to com 
pensate for shortenmg of an inch or more as 
soon as it is discovered in order to prevent tlie 
undesirable effects which sooner or later lead 
to symptoms, such os metatarsalgia, limitation 
of dorsiflexion at the ankle, m)ogeloses in the 
calf muscles, static pain in the entire extrem 
it), a sacroiliac syndrome or a postural scoho 

SIS 

Treatment of a moderate degree of short 
ening presents no difficulty We can raise the 
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lieel of one slioe ami lo«er lint of tl»e oilier 
or we can rmke a foot phte to compensate 
for ill or part of the shortening ami at the 
same time iccompiLsh proper chsfnbution of 
weight NMlhin the foot ^^he^c shortening is 
more extensne correction of the eqiunus de 
formilv b) lengthening the lentlo AchiUis is 
ccrtamly contra indicited The eqmaus posi 
tion of the foot is i necessary iid in compen 
sating for tlie sliorlening of the leg il will 
generall) suflice to support the foot m the 
necessarj equimis position b) means of a foot 
phte nude to a plaster of Pans model of the 
foot carefully molded to the sole at the heel 
in order to support the body weight prunanly 
it the heel 

If however shortening of one leg is exces 
sive and ranges between two and eiglit or 
e\cn ten inches we have before us a major 
problem in brace construction unless the ph) 
siciin the bracemaker and t(ie patient resign 
themselves to the unsightliness of an old fash 
toned shoe with an enormous cork sole 

In dealing \sith such excessive shortening 
of a leg brace construction has to consider the 
following tasks 

1 Compensation for the evtensne shorten 
mg 

2 Coficealmeiil of the shortening m an ap- 
pliance which IS good looking and acceptable 
to die patient from a cosmetic point of new 

3 Stabilit) of the leg 

4 Painless weight bearing with the foot in 
the desired position 

5 Sturdiness of the brace so that it does 
not require great care or frequent repairs 

G A design that enables the patient to 
wear stock shoes 

Tliese requirements ma) not alwajs be met 
because of the amount of shortening and the 
deformit) of the foot which ma) cause or 
result from the shortening Tlie task is some 
limes easier if the shortening is connected 
with alroplw in a parah-zed leg requiring the 
use of a leg brace We build such a brace 


according to the general principles for the 
construction of leg braces with the foot part 
constnicteil as a sandal which holds the foot 
firmly iii the desired degree of equmus posi 
tion using cork and felt with steel reinforce 
ments until the contour of the normal foot is 
reached thereby permitting the patient to 
near a pair of stock shoes 

If a leg brace is not required the type of 
appliance will s-aiy according to die need of 
the individual case 

In addition to the lower leg bnce for a 
short leg and the outside shoe extensions 
which are still widely used a number of firms 
here and abroad have recently specialized in 
inside shoe extensions These devices are made 
of molding leather to a plaster of Pans model 
with the foot held in equmus and supported 
on a compensating extension made of light 
wood rubber cork felt or a combination of 
these materials As a rule these appliances 
are laced m front like a shoe and worn inside 
a stock shoe If made with proper considera 
lion of the requirements outlined above cm 
phasizing weight bearing comfort and stabil 
It) these Inside shoe extensions give satisfac 
tory results proxided first that shortening is 
not loo extensue and second that the form 
and dimension of the foot and lower leg may 
be concealed in a molded leather appliance 
without creating an unfortunate appearance 

Tlie inner shoe extension cannot be used 
Jionever in the presence of marked deform 
ity furthermore tlie stabilit) of this appliance 
is too limited to control the position of on un 
steady foot 

Tor a patient witli excessive shortening of a 
leg and a weak foot which is otherwise well 
formed we recommend an extension brace 
similar to the ty'pe of artificial leg used for a 
Pirogoff amputation For this appliance a 
plaster of Pans model is made of the lower 
leg and the foot with the patient standing and 
the ankle joint held in the higlest degree of 
plantar flexion obtainable Its construction 
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maVes it an antenor brace \Mth the opening 
and lacing posteriori), that is, at the calf An 
artificial foot \Mth toe action corresponding 
in size to the patients normal foot is built 
from light Ni ood to tlie height of the lequired 
extension The height of the heel and the 
position of the plaster model on the wooden 
foot, as determined b) the plumb line, is then 
considered before conforming the artificial 
wooden extension to the shape of the sole of 
the plaster model To aioid transmitting too 
much body weight to the metatarsus llie 


weight bearing is brought to the heel on the 
wood extension b\ slighth flattening the heel 
of tlie plaster model 

The steel work is now fitted o\er the wood 
en extension and plaster motlel The two 
longitudinal bars are made as a stirrup and 
are connected at the proximal end b\ an an 
tenor semi circular steel band reinforcing 
tilt molded leather at the level of the tuber 
osit) of the tibia while at the foot the stirrup 
widens and is screwed from beneath to the 
wooden extension 



Fic 112 Lower leg brace for excessive shortening following ostcom>cIiUs of femur 



14Q 


Orthopedic Appliances 


A paper pittem is (hen cut for (he molding 
leather This will co%er the plaster of Pans 
model of the lower leg and foot and simul 
taneously include the artificial foot leaving 
only the toes uncovered The leather having 
been soaked in the usual manner is drasvn 
over the anterior md lateral aspects of tlie 
model The steel skeleton which already con 
nects the artificial foot with the leg part of 
the brace is well embedded in the molding 
leather with the molding tool When hardened 
to shape the molding leather is taken off the 
model and trimmed almost to the poslenor 
edge of the upright bars and anteriorly oser 
the instep of the foot 

In assembling the brace care must be taken 
to preserve the proper angle between the Ion 
gitudmal bars and the foot Additional '• inch 
steel rods meted tlirough the longitudinal 
bars and the ^\ooden foot will give this ex 
tension brace the proper slabilit) 

The appliance is now ready for the first 
fitting Tlie patient slips into the brace from 
(he back with the dorsum of (he foot resting 
against the anterior wall of the molding leatli 
er The brace is held to the leg by means of 
a few straps with buckles The patient must 
test tlie brace standing and walking 

Construction of this appliance is a fairly 
simple procedure until we are confronted with 
the difiicultv of secunng sufficient space in 
the shoe for the forefoot and the foes This 
frequently requires a special shoe the uppers 
ct/ wikftnJf «i-i* At mvi’rf nKSisorv 
ments in order to pro%ade a pleasing cosmetic 
appearance without undue pressure on tlie 
toes and to a\oid the unsightliness of a bulge 
at the distal end of the foot as w el! as an un 
sightl) spreading of the lace stajs This 
problem is mainly financial If the patient 
can afford special shots we can guarantee an 
attractive appearance as well as comfort for 
the toes For Figure 112 on the preceding 
page we used a cheap stock shoe IVhile this 
patient with a 5^ inch shortening obtained 
perfect comfort and all Uie other advantages 


of (his type of extension brace the cosmetic 
appearance of the appliance was satisfactor) 
only from the front while the side view 
shmved how the shot was disfigured to pro 
Vide space for the toes A molded shoe or 
so called “space shoe” is much more satisfac 
tory for these cases Nevertheless the entire 
appearance of the patient was much better 
with this brace than it had been with the out 
side shoe extension previously worn 

If the fitting proves satisfactory the entire 
brace is covered witli soft leather E)elets are 
added for lacing at the calf down to the heel 
and this lacing is covered with a flap of leath 
er which is held m place hy the stockmg 
Fmally the fit of the appliance is checked by 
X ray in order to determine the proper posi 
tion of the foot and especially the heel m 
the appliance 

This type of extension brace for excessive 
shortening fulfills most of the requirements 
listed above It insures proper weight bearing 
Without ducomfort to tlie patient and good 
stabili^ for a weak foot It also eliminates 
weak points requiring frequent repairs Its 
use IS therefore economical and its cosmetic 
appearance ranges from good to excellent de 
pending on the type of shoe used Naturalh 
such an extension brace for excessive shorten 
ing will always represent a compromise and is 
therefore the lea«t of several e\3s One of the 
obstacles to a good cosmetic appearance is 
the contour of the heel which is frequent!) 
bard to conceal within the appliance If an 
adult patient has worn a brace of this tvpe 
over a long period of time with satisfaclor) 
results but is verj anxious to have tlie appear 
ance improved one miglit consider at least 
theoretically plashc surgery of the heel to 
remove part of the posterior prominence of 
theoscalcis maintaining however the action 
of the calf muscles b) adjusting the length of 
the tendo Ach Ihs 

CLUB FOOT MGHT BRACES 
Whether congenital or acquired as the rc 
suit of mfantile paralysis trauma or other mis 
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fortunes, a club foot presents a difficult prob 
lem to the surgeon No matter which of tlie 
many closed or open methods of correction 
are used to overcome the dcfonnity, the mam 
difficult) m the majoritv of cases is the obsti 
nate tendenc)* of the chib foot to recur E\en 
when treated at the earliest possible moment 
or after an appircntlj perfect surgical result, 
the foot must be maintained in a corrected or 
rather over corrected position for man) )ears 
For this purpose, the application of a correc 
tive appliance during the night, the so called 
club foot night brace, is indispensable In cases 
of minor or moderate deformity, a club fool 
night brace ma) be used as a primaiy meins 
of correction, as well as for the purpose of 
mamlaming the achiov ed correction The con 
struction of an effective apphincc for this 
purpose IS not an eas) tash In the vase of a 


on the market or recommended bj orthopedic 
surgeons Although there are many efficient 
constructions, we cannot describe them all 
So we shall agiin limit our discussions to the 
general principles involved, giving onl) a fe" 
examples of appliances which we believe to 
have definite advantages 

In a complete club foot (the congenital 
tvpe), a brace construction has to introduce a 
s)stcm of forces to counteract the following 
components 

1 Adduction of the heel and forefoot pcs 
adductus 

2 Exaggeration of the longitudinal arc’ll 
and the dorsal prominence of the tarsal 
region pcs eveavatus 

S Plantar flexion of the foot pes cquiiuis 

4 Supination of the entire foot 

5 Intcnnl rotation of the tibia 



a fa c d e 
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Cruiullagen der orihopudi-fchen Mcchanlk, Berlin 1935, courtesy Julius Springer ) 


new bom infant or a very small child, it is 
difficult to gam sufficient bold on the small 
and delicate extremit) Furthermore a club 
foot presents a complicated deformitv with up 
to five component elements, each of which 
rccjuircs the action of a three ^Kiint s)5tein 
in order to obtain an efficient corrciction 
Tliese difficulties, together wath the great va 
nety of deformities which come under the 
heading of a club foot, explain the large num 
her of brace constructions reported m the 
literature throughout die centuries as well as 
the man) varieties of constructions which are 


Correction of eacli of these components re 
quires, as stated above, the action of three 
forces While these are easil) applied for the 
correction of the equinus defomutv , correction 
of the cavais and of the internal rotation of the 
tibia ma) present the greatest difficulties 
To offer correction of all these components 
in a single brace is hardlv possible, particu 
lari) when one is dealing with a deformitj 
of long standing where the resist ince of rigid 
structures against correction is difficult W 
overcome Fortunatelj, in the majont) of 
cases, it suffices to obtain a correction of sc\' 
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Tic 114 Linge type celluloid club fool iiighl brace (n) TI e first layer on ll e cor 
reeled n odtl (b' nnd 1) ) Iraang of tl e pnno sleel wire (c‘) llie finished appliance 
from the mcdnl side (c ) from ihe hteral side 


enl of these compone/its or to mamtvn the 
over corrected position o£ the foot m the after 
care of surgical procedures (closed or open) 
with 1 less complicated appliance 

Before describing a few club fool braces 
which Ilia) ser\e ns examples for effective 
brace construction for this type of tlefonnify 
we should like to stress the fact tliat these 
braces arc pmnanlv ntended to maintain a 
result which has already been obfimcd by 
orllioped c treatment 

T/je Celluloid Club Fool Night Brace 
Where there are proper facilities for the 
manufacture of orthopedic appliances accord 
mg to the celluloid steel technique set forth 
by r Lange * tins procedure has many ad 

•Profe^Tor Dr Frifz Lange late Frofessor of OrtJo- 
pcdic S rgery Mu cJ Cermmy 


vantages to Tccommend its use for a club foot 
night brace hde there is practically no age 
limit for use of this appliance it is particularly 
valuable for our youngest patients Materials 
for its manufacture will be described in Chap 
ter 5 (Celluloid Plates pages 160-4) and con 
stniclion principles are identical Any ap 
phance made of celluloid (or fiberglass where 
It IS acailable and preferred bv the prescribing 
orthopedic surgeon) is light in weight resis 
tant to moisture and able to withstand rough 
handling It is easily applied even to tlie 
small foot of a very young infant and as it 
alloxcs sufficient space for the growing foot 
without sacrificing correction it can be used 
o\cr a long period of time Made to a cor 
reeted plaster of Pans model it presents little 
if any difficulty at the tune of fitting T inally 
because its surfaces are smooth this type of 
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brace is not likely to lead to the accidental 
injuries frequcntl) caused by metil appli 
ances 

Depending on the patient s age and the de 
gree of deformity the brace may m some m 
stances include the knee joint flexed at ngbt 
angles in order to control rotation Usually 
the appliance is limited to the foot and lower 
leg 

For tlie celluloid club foot night brace a 
plaster of Paris cast is made with the fool held 
m the highest degree of correction obtainable 
The positne model requires additional correc 
tion Nshiclv constitutes the only difficult part »n 
the manufacture of a celluloid club foot night 
brace Plaster of Pans must be added at the 
heel in order to permit further correction of 
the equinus deformity and supination of the 
heel The forefoot of the model is enlarged 
laterally that is along the fifth toe to create 
additional space for increased abduction and 
pronation of the forefoot Tlie region of the 
cuboid and the tuberosity of the fifth metatar 
sal bone remains untouched This constitutes 
the fixed point on the lateral aspect of the 
foot in relation to which the correctue forces 
on the forefoot and the heel wiU act To avoid 
pressure on the heel the tuberosity of the fifth 
metatarsal bone and the external malleolus 
the model is cosered at these points with 
patches of 3* inch felt The appliance is con 
stnicted as an external spiml cosering the 
lateral surface of the foot and tlie lower leg 
the dorsum and the sole of the foot and the 
heel and the antenor and postenor surfaces 
of the lower leg while the medial aspect of 
the foot and the lower leg is left free This 
arrangement determines the contour of the 
appliance If the model is cmered with a 
smooth layer of thin white felt strips of her 
nnghonc webbing are cut to the necessary 
length and pasted on the felt lining with cel 
luloid acetone solution Tins must he used 
sparingly in a fatrU thick solution to aiotd 
penetration of the felt lining bv the celluloid 
Next the webbing is fixed on the model by 


many turns of linen thread and one or more 
layers of the celluloid acetone solution are 
spread on the webbing and massaged into it 
imlil a smooth surface is obtained 

The appliance is reinforced with steel wires 
These are placed on the model according to 
the mechanical stress to w Inch the appliance 
must be submitted Such wares must be care 
fully bent to shape rather than tied on to the 
model or fixed with tacks so that they do not 
retain a tendency to moae to ihoir original 
shape and tliereby deform tlie finished ap 
pliance or even penetrate the thin layer of 
celluloid The wires are then imbedded m 
thick celluloid acetone paste using scraps of 
webbing and cork meal wherever this is 
necessary to equalize the surface As soon as 
this layer is perfectly hard and dry the exter 
nal layer of webbing is applied If tlie same 
webbing is used for the external layer as has 
been useil for the first layer it is advisable to 
place the strips of the external layer at right 
angles to the strips of the first layer In many 
instances it will suffice to use a cover of bur 
lap for the extenial layer The appliance may 
then be completed with an additional layer of 
gauze which offers a better looking finish 
without requiring too much celluloid Again 
the webbing or burlap and gauze are firmly 
attached to the model by frequent turns of 
the linen threads 

When the appliance is completely dry and 
hard it is cut from the model After the 
edges are trimmed and beveled it is ready 
for the first fitting At tins bme the fool and 
lower leg are placed into the brace and meas 
urements are taken for the straps and pressure 
pads which introduce the corrective forces 
These consist of ( 1 ) a strap for the forefoot 
with a pressure pad over the first inclatarso 
phalangeal pint for abduction and pronation 
of the forefoot (2) a strap at the proximal 
end of the appliance vihich holds the lower 
leg m place correcting the supination (3) 
the most important strap a cross strap w hich 
consists of a longer strap running from the 
heel over the instep and a short strap at 
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right angles to the long strap encircling the 
heel Tlie center of this cross V.1II he just be 
low and posterior to the intern il malleolus 
gaming a firm hold on the os calcis Hus cross 
strap IS intended to correct tlip supination and 
adduction of the heel and the equinus deform 
ity The straps carry two laces at each end 
^\hlch go through holes m the celluloid and 
art tied in position on the outside of fh* 
brace At the time of this fitting the proj|>er 
site for these holes has to be determined m 
order to obtain the desired correction It is 
frequently necessary to add a small cuff which 
encircles the lower leg just abo\e the anile 
from which straps or laces are carried through 
holes on the sole of the brace in the direction 
of the longitudinal axis of the lower leg This 
cuff holds the foot firmly m the appliance and 
adds materiallv to the effectne correction of 
the equinus 

After the fitting the brace is finished by 
binding the edges and adding the pressure 
pads and the correctise straps Tlie laces 
must be long enough to permit the parent or 
nurse to apply and remoxe the brace with 
out taking the laces out of the holes m which 
they have been secured by knots at the ends 

This appliance if properly made to a well 
corrected model ivill permit efifectne correc 
ticn of the equinus the supmation and addiic 
tion deformities It has some influence on a 
caviis deformity but none on the rotation of 
the tibia unless the appliance is built to en 
case the thigh with the knee held at 90" of 
flexion 

Tn applying the brace the cuff alxne the 
ankle is tied before the foot is placed into the 
brace Next the heel is fixed by means of the 
cross strap the forefoot is pulled into abcluc 


tion ind pronation by tying the laces of the 
toe strap and finally the entire foot is pro 
naltd by tying the proximal straps of the 
Imver, leg The splint may be worn by a small 
infant twenty four hours at a stretch but it 
must Ih. removed briefly sex era! times a day 
when the foot should be manipulated After 
the first year of life when the cluld starts to 
stand and walk the appliance has its indica 
tion chiefly as a night brace xvhile forapenod 
when the patient is up and about depending 
on the seventy of the deformity a club foot 
walking brace or a celluloid foot pi ite should 
be worn in an adequate shoe 

Preualker Club Toot Shoe 

For infants and small children it may not 
be necessary to resort to the more elaborate 
construction of a club foot night brace partic 
ularly if the ongmal deformity was of mild 
degree or if a satisfactory degree of correc 
tion has been attained by orthopedic treat 
ment In these cases the readily available 
pre walker club foot slice serves as an effec- 
tive day and night brace sometimes in com 
bmation with a Denis Browne splint 

\Vlien the pre walker club foot shoe has be 
come too small it may be replaced by the 
tarso-promfor shoe which permits continuous 
maintenance of correction while the child 
starts to walk 

Maintenance of correction during ambula 
fioii in the older child requires a Lange type 
celluloid or fiberglass foot plate to be worn in 
a reguhr oxford Tins frequently suffices to 
carry the well corrected or milder case 
toxvanl adolescence In the more severe cases 
a double bar leg brace or even a Ilcssing 
type brace iniy be indicated 
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OOT BRACES find foot plates generally repre- 
sent the only concrete knowledge which a lay- 
man ma) have of orthopedics Advertising 
campaigns sponsored by shoe factories, drug 
stores, manufacturers of the vanous tjpes of 
foot plates, and even bracemakers have 
brought these appliances mlo the limelight 
At the same time, and for similar reasons, 
tliej have become a Cinderella of tlie medical 
profession Because it is so easy to go to a 
drug store or surgical supply company to buv 
a pair of fool plates for any one of the many 
ailments which afilict the feet of modem man, 
many physicians consider it beneath theur 
dignity to prescribe such appliances Even 
among orthopedic surgeons, opinions about 
this subject differ widely and many leaders m 
the field of orthopedic surger) regard the foot 
brace as a necessary evil which has attracted 
too much public as well as medical attention 
To analyze the reasons why appliances for 
the feet have been relegated to such an am 
biguous position in orthopedics, we shall 
limit our discussion to the scientific considera 
tions which form the basis of medical opinion 
From the medical point of view, we must 
deal first with indications and contra indica 
tions for foot phtes and, second, with the 
reason why physicians in general and ortho- 
pedic surgeons m particular are so often dis- 
satisfied w ith the results of foot plates 

Let me state at the outset that foot braces 
or plates are necessarj', that the) constitute 
the most freqiienly used orthopedic apph 
ances and, when properly constructed, are 
among the most rewarding of the ortliopedic 
apparatus Constniction of efficient foot plates 
IS difiicult and relativel) expensive, requiring 


a thorough knowledge of the subject on llie 
part of physicians and bracemakers alike We 
shall learn further tlial an understandmg of 
the action of foot braces on the foot and the 
relation of the foot to the entire body is b) no 
means common knowledge and that miscon- 
ceptions concerning the function of foot plates 
are mainly responsible for the disrepute into 
which these appliances have fallen 

A foot plate is indicated for prophylactic 
purposes, for correction, or for support 

A foot plate should be prescribed for pro- 
phijlactic reasons as soon as symptoms of 
fatigue or pam on standing or walking mam 
fesl themselves, whenever the gait becomes 
unstable, or when a patient complains of fre 
quent "turning over” at the ankle or even of 
sprains of the ankle joint In most mstances, 
clinical examination will show' a certain devia 
tion in the shape of the foot from the normal, 
a malalignment of the entire extremity, or at 
least an incorrect relation of the foot to the 
leg with regard to its static and dynamic func- 
tion For patients with no subjectiv'e symp 
toms, the prophylactic use of plates may be 
indicated, if there is a marked increase in body 
weight (during pregnancy, or in cases of endo 
erme or alimentary obesity), after fracture of 
the foot or leg, or following surgery on the 
lower extremity 

As a means of correction, a foot brace is 
indicated wherever examination shows de- 
formity of the foot or a faulty static alignment 
of the extremity’, regardless of whether the 
pathologic condihon has already caused clin- 
ical sy-mptoms or whether it has been discov- 
ered accidentally In the latter case, correc- 
tion IS necessary' only' if the condition exceeds 
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physiological limits Tins group is by fir tlie 
Iirgest and includes cases of pes planus» pes 
\’algiis, pes trans\erso-plinus and their combi- 
nations in \ariQus degrees Correction is fur 
ther indicated for the rare deformities of the 
foot, such as talipes equino\arus, pes cavus 
(excavatiis), pes calcaneus, and pes adduclus 
anterior, and, finally, for a large group of 
cases m which a normal foot is found to lie 
in faulty alignment with the other sections 
of the extremity, as seen, for instance, after a 
iiialumfed fracture of the ankle joint or of the 
tibia or in a case of genu valgum or vanim 
All these cases ha\e m common the need for 
correction of the foot position, while there is 
little or no need for support For the indica 
tions m this group to be fulfilled, flexibility or 
rchxation of the foot m all its sections is es- 
sential Therefore, a rigid foot must be con- 
verted into a flexible or relaxed foot before a 
correcting foot brace can be built and applied 
Tlie third group of indications for a foot 
brace compnses cases m which the fool re 
quires support but is not suited to correc 
tion The end results of corrective procedures 
for paralysed feet or for congenital defonni 
ties, ankylosed feet following infectious ar- 
thritis or osteomyelitis belong to this group, 
also the rigid pes piano valgus m patients, 
such as hemophiliacs who cannot tolerate cor- 
rective measures or who, for various reasons 
refuse them In these cases the appliance aims 
primarily to effect a correct painless distribu 
tion of weight and to establish, as far as pos 
sihJfi. tliR. enrjo-nt. qasjtuin. of. the elements of 
the foot in relation to the line of gravity of 
the leg 

Before discussing in detail recommended 
types of foot plates and describing Uie procc 
dure for making them, we have to deal wth a 
number of questions of general interest 

Among the mam objections raised against 
the use of a fool plate are that sucli an ap 
pliance would have to be worn forever, and 
tliat its continued use would not only cause in- 
conveiiience but would also lead to complete 
inactivity and subsequent atrophy of the mus 
cles of the sole thereby adding further dam- 


age to tlie pathological condition already 
present. 

Tlie first objection cannot be easily repu 
dialed as a time limit for the use of foot plates 
can hardly be offered except m cases where 
they are worn merely as a projihylactic meas 
ure To answer the second objection we must 
point out that the necessity for foot plates is 
largely a matter of civilization Throughout 
his life, civilized man wears shoes wnth solid 
soles and walks on smooth solid ground This 
permanently deprives the muscles of the sole 
of tlie foot of adequate stimuli from direct 
touch ami from tlie roughness and unevenness 
of nitural ground A properly made plate will 
not interfere with the function of the mus 
cles of the foot and it wall not add to the 
deteriontion of the foot caused by modem 
living Apart from the fact that it is impos 
sible for exercise or surgery to build up a 
"weak fool' m an idult into an eSicient 
steady, and painless foot for a lifetime, I am 
convinced that a foot plate does not sufil 
ciently inconvenience the patient to justify 
other procetUires sucli as surgery or treatment 
with exercises over a long penod of tune 

Another frequently debated issue is the 
question of ngid as opposed to flexible foot 
plates A foot plate for correction or support 
cannot fulfill the indications for which it is 
built if It IS flexible It js argued that ngid 
plates, made to a plaster of Pans cast of the 
foot, are only adequate for the foot when 
standing as they interfere with the propul 
Sion of the foot., and by no means suijqort it 
in other positions ffere let me stress (he fact 
that the action of a correcting or supporting 
foot brace on (he foot is much more important 
m the standing phase than in motion The 
reasons are that foot trouble m general, and 
the most common forms of pes planus and 
piano valgus in particular, are found among 
surgeons, factory workers, cooks, bakers, laun 
dresses, and many otliers whose business or 
profession necessitates that they stand for long 
periods of time Wc rarely find a patient in 
tins group who, like the postman, earns his 
living while walking with the exception of 
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those working m large cities where concrete 
and steel have almost the same influence on 
the moving as on the stationary foot 
These facts are based upon ph) siological 
conditions Wven a person walks the muscles 
which move the foot and at the same time 
support its skeleton and its relative position 
to tlie lower leg are active \Vhon he stands 
these muscles relax and the weight is borne 
by tlie ligaments which in the conditions 
under discussion sooner or later become over 
stretched and insufficient We often find that 
the muscles are still in a position to maintain 
the proper alignment of the foot and its sec* 
tions on wailking but that a malposition of the 
foot leading to pain is present on standing 
long before walking on such a foot becomes 
painful Frequently an individual who is more 
or less disabled by a pes piano valgus vvilli be 
free of discomfort as soon as he leaves the 
city and goes for long walks m the country 
It becomes therefore the primary purpose of 
a foot plate to support or maintain the correct 
position of a foot on standing and this can 
only be accomplished by a rigid foot plate 
made to a plaster model of the foot In study 
ing the different phases of walking the active 
correcting plate and the passive supporting 
plate must be considered separately It may 
suIBce here to say that both types of plates 
will not interfere with the proper propulsion 
of the foot on the contrary they wall save un 
necessary and injurious muscle action by 
changing the faulty alignment of the foot and 
its sections into a position as nearly normal as 
possible on standing as well as on walking 
It is true that rigidity of the matenals used 
for foot braces does not preclude a certain de 
gree of resiliency An elastic or soft foot plate 
however will do no more and possibly even 
less for the foot than a well built shoe 


Tliere is no doubt that m many cases any 
type of foot plate will relieve the pain of an 
aching foot but these “cures” frequently re 
ported by patients and published in the ad 
vertisements of the trade are only temporary 
at best We may account for this so called 
success in two ways For a large group of 
patients tlie deformity of the foot such as 'i 
pes planus or piano valgus docs not cause 
pain until incorrect weight distribution has 
caused the formation of callosities or corns 
At this stage it is the painful callous that 
makes tlie patient cry out for relief and any 
type of pad— soft hard elastic or rigid— will 
relieve the pressure from the painful spot and 
seem to effect a cure For a second group of 
patients pam originates from strain on tlie 
ligaments and joints of the foot or even the 
entire extremity when the muscles become 
insulEcient as in a valgus deformit\ of the 
foot In such cases the muscles are still able 
to bring the foot into a correct position and 
to maintain it All that is needed is a re 
minder or stimulus Any foreign bodv placed 
inside the shoe which causes pressure on the 
sole of the foot when the muscles relax will 
furnish such a stimulus 
H Spitzy introduced a “Xugelcinlage” con 
sisting of a simple insole on which a small 
marble is fixed corresponding to the longitu 
dinal arch of the foot This is quite effective 
as an active correcting plate for weak feet m 
childhood A similar foreign body action" is 
responsible for the successful results of manv 
of the innumerable foot plates on the market 
m early cases of foot discomfort 
From our discussion of the superiority of 
the rigid over the flexible foot plate it is un 
derstood that a foot plate must be made to 
the plaster of Pans model of the corrected 
foot Although the majority of foot plates are 
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sold rendy made or built according to die 
measurements of the foot or to an imprmt of 
the sole of the foot a\ith the patient standmg 
such specifications are never accurate enough 
for an efficient brace 

The plaster of Pans cast Uie first and most 
important step m the manufacture of foot 
liraccs Will prove its superiority over all other 
techniques provided the mold is proper!) 
made First the foot has to be flexible It 
must yield readily and painlessly to the re 
quired correction when the plaster of Pans 
cast IS applied A foot which is rigid and 
cannot therefore assume the corrected posi 
tion or one winch is still inflamed or other 
wise sensitive is not jet ready for a foot 
plate It would be an inexcusable mistake 
to prepare a plaster of Pans mold of such a 
foot the one exception here is the deformed 
foot which represents the end result of treat 
ment and cannot undergo further correction 
In this case we resort to makiug a passiae 
supporting plate 

The technique for obtaining a plaster of 
Pans mold and positive model for a foot 
brace has been described jn detail m Chapter 
1 and needs no repetition here 

Dealing next with foot braces proper we 
must remember that almost every specialist 
in this field has his own ideas and a preference 
for certain models or types which best suit 
liim We cannot discuss all or even a majority 
of the widely vised appliances for the foot 
Every orthopedic surgeon and every brace 
shop will have quite a collection of foot plates 
which have not fulfilled their purpose 

Again vve shall limit the discussion to tlie 
models which we prefer 

Follow mg the general classification of apph 
ances throughout this hook we divide fool 
plates into the active correcting and passive 
supporting types 

The active correcting brace is indicated for 
file flexible pcs piano v algiis with a prcdomi 
nant valgus component especiallj in children 
and jounger adults For this purpose vve use 
a leather covered metal plate shaped and 
built according to the instructions of Royal 


^Vhltman This tie call the Whitman type 
foot plate Wlien properly made it acts fore 
ibly on the position of tlie foot in its relation 
to the lower leg m iinly correcting the valgus 
deformity without interfering with an abimd 
ant play of the muscles which must he left to 
correct or compensate for the other defornii 
ties of a pes piano vilgus which may be 
present The Whitman type plate acts almost 
like a vise on the tarsal ring of the foot In its 
simple original form it does not support or 
restore a "fallen metatarsal arch nor does it 
primarily relieve pressure from the metatarsal 
heads Moreover (he plate we use does not 
elevate or even support the so called “longitu 
dinal arch” of the foot to any considerable 
extent We hav e found that this is not essen 
tial if vve are dealing with a flexible foot and 
active muscles In these cases tlic proper rc 
latioft of the tarsal bones to each other and of 
the heel to the. weightbearing line of the 
leg automalicall) restores correct alignment of 
the skeleton Mobile (he active correcting brace 
of the Whitman type holds tlie foot in the 
proper weight bearing alignment on standing 
and thereby relieves the respective muscles 
and saves their energj it also has a marked 
correcting effect on the foot in the different 
phases of the gait Tlie rletails of this action 
are best described by Royal Whitman • 

The patient instructed to throw his weight 
upon the outer stde of the foot presses 
down the external inn (of the plate) and 
thus lifts the internal flange against the 
inner side of the foot whlcJi is instinctively 
drawn away from the pressure and tl us 
toward the normal contour He no longer 
turns the feet outward in walking because 
this ciuses pos tive discomfort and he is not 
likely to resume the passiv e alUtucle because 
of the suggestive lateral pressure of the sup 
port M ifh the foot held in the normal at 
titude the patient may again walk with the 
proper spnng thus tlie 1 race itself becomes 
a positive aid m the ph)siologica1 cure as 
contrasted with sole pi itcs and stiflencd 
shoes 

♦Whitman, nojal A TreM it on O ihoprd c Sutgtf) 
liiiladelpi a Lea and Fcl ger Otli Ed 1930 p 790 
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Although the actne correcting brace is not 
suited to a foot in which the Iransverso plinus 
condition constitutes the chief ailment we 
liave found that occasional metatarsal trouble 
IS promptl) relieved by the correction which 
the Whitman type plate affords 
The SO called “combination Whitman type 
foot plate ” which is widely used has great 
disad\antages and no scientific justificabon 
The actne correcting principle of the ^Vh^t 
man Ij'pe foot plate is lost b) adding the 
metatarsal part and the combination as a 
whole IS unnecessarily bulky and hea\'y It 
interferes willi muscle action ind hampers 
the elasticity of the gait We therefore recom 
mend only the use of the original simple form 
of the Whitman t)pe foot plate as the active 
correcting brace of choice 

In an attempt to obtain the superior correc 
tion afforded by the original \Vliitman plate 
without neglecting metatarsal pain caused by 
spreading of the metatarsals and faulty 
weight distribution on the second third and 
fourtli metatarsal heads we designed our own 
combinatton foot brace This incorporates the 
greater part or tarsal section of the Wlutman 
plate and uses a small bracket like metatarsal 
support which acts as a separate unit 

The passitc supporting type of foot brace 
we recommend is the celluloid steel ivtre plate 
as well as tlie fiberglass and otiier plastic 
plates Although the material used for these 
passive supporting braces has in recent years 
changed from celluloid to fiberglass and other 
plastics we shall include a detailed desenp 
tion of tlie celluloid plate because in the 
long nin it is still supenor to the new 
plastics Furthermore anyone who can make 
a correct celluloid plate will l]a>e no difficulty 
with the simpler procedures for making pas 
sive supporting plates with fiberglass and 
other plastics 

Tlie original celluloid plate was introduced 
by F Lange m 1903 and has willistood the 
lest of time Patients who liave used other 
types of foot plates either before or sdter 
wearing their first pair of celluloid plates 


have almost without exception preferred the 
celluloid appliance 

One of the conspicuous features of this 
plate IS the lateral border which prevents the 
foot from slipping off laterally while at the 
same time enforcing adduction and pronation 
Tills border is indispensable for rendering tlie 
correction of the valgus position of the heel 
effective if a medial wedge situated beneath 
the plate IS used for this purpose Were 
there no lateral flange to the plate the foot 
would gradually stretch tlie leather of the 
uppers of the shoe causing them to bulge 
over the lateral edge of tlie shoe sole This 
IS frequently observed with shoes that have 
been worn for some time by patients suffering 
from a pes valgus whether or not one of the 
common types of plates or insoles has been 
used To be eiBcient the low external flange 
of the celluloid plate requues a certain 
amount of strength since a relabvely short 
lever has to meet a large weight This neces 
sitates a somewhat heavier and bulkier plate 
than would be desirable There are however 
many patients requiring a foot plate for 
whom correction of either the valgus posi 
tion of Uie heel or of an abduction of the 
anterior foot plays only a minor role Ths 
may be tnie in tlie case of a pes planus or 
trinsverso phnus but also in milder cases of 
valgus especnlly if the higher heel of a wo 
man s shoe corrects part of the valgus position 
by holding the foot in equmus It was par 
ticularly for such women patients that we 
devised anew modified celluloid plate which 
has proved very satisfactory This modifica 
tion the edgeless celluloid plate is indicated 
where the standard pHte with a lateral bor 
der cannot be used for a specific reason 
such as a patients refusal to wear the larger 
celluloid plate because of the unattractive ap 
pearance of the shoe it requires The smaller 
modified plate permits correction of at least 
part of the deformitv and thus represents a 
compromise in cases where the indication for 
an effective plate correction could not otlier 
wise be met Therefore in addition to the 
original Lange plate this modified celluloid 
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pHte lias its definite indication and justly 
deserves a place m our armamentarium 

Tlie indications for the active correcting 
and the pissi\e supportinj, braces and their 
merits have ahead) been discussed Compar 
ing the two types we find that for each there 
is a definite indication which is not fulfilled 
b) the otlier There remains however a 
group of cases which may use both types on 
an alternating basis or either type ^or a def 
mite purpose Tlie Whitman type plate is the 
stronger device it occupies less space in the 
shoe and puts more strain on the muscles of 
the foot and lower leg wliilc obt lining a good 
correction As it is stronger it will be stipe 
nor to the celluloid plate for heavy patients 
or in cases where the patient s worl and other 
circumstances are very unkind to the foot 
plate If a plate can be worn at all in athletics 
(provided a proper shoe can be found) the 
Whitman type plate is gtnerdly more ade 
quate than the celluloid plate 

Celluloid and some plastic plates (Laminae) 
give a comfortmg support to the foot while 
fiberglass plates are more rigid and are there 
fore occasionally not tolerated by the very 
sensitive patient or in the presence of circula 
tory impairment Though the celluloid plate 
particularly the type with the outer border 
occupies more space in the shoe than the 
Whitm 111 t) pe plate it makes the foot more 
independent of the shoe and does not require 
as much additional support from a well fitting 
shoe as does fiV aertve- aTrrecfmg Awrf hesce 

THE MODEL FOR FOOT BRACES 

The negative plaster of Pans cast or mold 
and the positive model obtained by casting 
the mold arc the same for both types of foot 
braces In preparing and shaping ll c model 
for work in the brace shop tlie technique 
differs slightly For the active correcting 
brace a well made positive model should not 
be touclied It is placed < n the table so that 
the heel is m neutral position lint is wiUiin 
the weight bearing line of the extremity or in 
a moderate degree of supination or inversion 


The first metatarsal bone must be plantar 
flexed and the model stationary on three 
points the heel and the regions of the first 
and fifth metatarsal heads 

For the celluloid plate the mode! requires 
additional handling Wliere bony prominen 
ces have been outlined with the indelible pen 
cil they are covered with small pads of white 
felt which are fixed to the tuberosity of the 
fifth metatarsal bone and in individual cases 
to the sole of the heel (spur of the os calcis) 
or under the head of the first metatarsal bone 
(sesamoiditis) Additional pads may be re 
quired at the site of a prominent scaphoid or 
any other bony prominences which may lead 
to undue pressure and pain The edges of 
these fell pads are beveled w ith a sharp knife 
Tliey are attached to the model witli small 
tacks 

THE MANUFACTURE OF METAL 
PLATES 

The Whitman Plate 
The shape of the plate is outlined with in 
delibic pencil on each plaster model by the 
orthopedic surgeon or by an experienced 
bracemaker Care should be taken that the 
outer flange which holds the heel in the cor 
reefed position n. sufRciently high and wide to 
distribute the correcting force over a sulB 
cicotly large surface This flange must be far 
back toward tlie heel and should not interfere 
with or reach to the tuberosity of the fiftli 
metatarsal bone On the medial aspect of the 
foot the plate should come up to the scaphoid 
bone As to the length of the plate pressure 
on the head of the first metatarsal bone and 
on the sesamoids has to be avoided The plate 
should therefore reach just proximal to tlie 
head of the first metatarsal A pattern is cut 
from brown paper that corresponds cxactlj 
to the drawing on the model and is then out 
lined on the metal Stainless steel is used 
gauge 16 IS according to the size of the foot 
and the weight of the patient Tliough it 
requires more labor stainless steel is preferred 
for all patients as it stands up better under 
wear and fear is not affected by perspi 
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ntion and does not nun the interior of i 
shoe The eight of the plate does not de 
serve as much consideration as it usually 
receives An active correcting brace of this 
typo will be just as comfortable or even more 
comfortable if it is hcav”) than if it is too 



Fic 116 The contour of a \\'hitman type plate 
IS traced on tlie uncorrected posiln e model The 
region of the head of the first mctilirs'il is not 
included 


light The additional weight will in the ma 
jonty of cases improv e the gait just as a heavy 
boot worn for skiing or hiking seems to im 
prove it 

After the plate is cut to the pattern with 
chisel and hammer the edges should be pol 
ished before the pHte is shaped to the model 
Frequently overlooked this is very significant 
as polishing the edges prevents a breakage 
in the plate during the process of hammering 
No plate should be hammered over an iron 
last and then fitted to the cast as this will un 
necessarily stretch the metal and it cannot be 
hammered back again The metal must rest on 
the ledge during the hammering and it must 
never be hammered over a hollow The plate 
IS hammered slowlv to the model just enough 



d 
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Tic 117 Minufaclure of a itman Ivpe foot phlc (a) The first stageinhammenng 
tl e plate to the model The medial part is almost finished the edges are polished 
(b) The external flange is bent up the plate is ready for the first fitting (c) The plate 
is covered vvatli leather (d and e) Wlihnantvpe foot plate with removable leathei 
cover 
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to give it the form of the arch It? heel part 
must be hammered downward to Bt the ost 
Tins operation is repeated until the plate is 
properly formed to tlie arch and the heel It 
can now be polished on the inside Tlie outer 
flange is bent upward over an anvil so that it 
IS not in a position parallel to the longitudinal 
axis of the foot as the plate should widen 
toward the fifth metatarsal bone The plate 
must fit the plaster of Pans model co/rectl) 
especially on the medial and lateral aspects 
On the sole the longitudinal arch of the plate 
may m some instances, be flatter than the 
arch of the cast The plate must balance per 



Fig 118 ruling the ^Vhl^Inan t>'pe plate (n) 
Marked valgus position of both feet (b) Valgus 
uell-conected (c) Tlie medial aspect of tfie 
plate on tlie foot 


fectly on the plane surface of the table and 
must not fall to either side 
Cacli plate is now ready for the first fitting 
It is fitted to the foot over the stocking Milh 
the patient sitting Next the correct action of 
both plates is judged with the patient stand 
ing on a stool witii a plane surface with tlie 
longitudinal axes of both feet p irallel and the 
feet moderately apart This allows cntical 
determination of the fitting of the plate to all 
parts of the foot and of the position of the foot 
and the plait in relation to the w eight bearing 
line of the extremity If the plate seems cor 
rect it is inserted into a suitable shoe after 
plenty of talcum powder has been used m the 
shoe and on the plate The patient puts on 
the shoe with the aid of a shoe hom and the 


! 
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Btting IS once more judged \Mlh the pahent 
standing m his phtes and shoes FinalK if 
eierjihing so far has been satisfactory tli^ 
patient is sent for a short walk in order tt> 
stud) the action of the foot bracts on walking 
If the plate has been carefully worked to 
correct plaster model of the foot only minof 
adjustments may be necessary Most of thi« 
work can be done where the brace is fitted 
For this reason a good a isc a lead block and 
a few hammers of \arious weights should b^ 
asaiilable If the first fitting has been satisfaty 
tory the plate is returned to the workshop 
where polishing may be completed As a last 
step the mside of the plate is covered with 
leather A four ounce russet strap leather i5 
used The leather is cut according to thr* 
plate immerserl in water for about two mm 
utes and nveted to the plate while wet Aftc< 
the leather is dry its edges are agam welted 
and it is pobshed wath a cloth It is usually 
advisable to cover the metal plate vvitl* 
leather In smaller plates a fine calf Icatlicf 
mav be used for the Im ng and a cover mav 
be sewn which fits over the metal plate and 
may easily be removed for later adjustments 
of the plate especially for children 

Neu Combination Foot Brace 

Our new combination foot brace must b<? 
made to a plaster of Fans model of the cor 
reeled flexible foot In addition its metatar 
sal section must be carefully outlmed on tho 
skin with indelible pencil to insure correct 
positioning of the prongs Tlie two compo 
nent parts fulfill their purpose without inter 
fer ng w ith each other The design for lliO 
metatarsal section of the plate represents an 
entirely new concept Instead of attempting 
to elevaile the second third and fourth meta 
tarsal hones by means of a high pad which 
rarclv fits properly unless it is made from plas 
tic material to a plaster model we use *» 
hrackel which prevents the splaving of the 
metatarsals Tins device which can be made 
from lighter stainless steel than is necessary 
for the rear section of the brace has one prong 
just proximal to the first and fifth metatarsal 


heads Therefore the metatarsal support on 
the sole of the foot is less elevated and occu 
pies less space in the shoe than the conven 
tional metatarsal pad 
After the two sections have been built to 
the plaster of Pans model they are connected 
with a blue steel spnng which maintains the 
distance between the two independent units 
of the plate at the same time as it adjusts to 
the curve of the shank of shoes with various 
heels At the lime of the first fitting only one 



Fig 120 Tlirce views of new combination foot 
plate 



160 


Orthopedic Apphartces 


rivet IS used to hold the spring to each section 
of the plate Tins permits further adjustment 
of the rehtionship between the component 
pirts After tlie first fitting nnd before the 
plate IS covered with leather a second nvet is 
drncn through both ends of the spnng which 
stabilizes this relationship The metil sections 
are then polished nnd the plate is covered 
with leather 

This foot brace represents an almost ideal 
solution for the simultaneous correction of a 
flexible pes valgus and transverso planus Cor 
rection of the valgus deformity can be in 
creased by placing a small leather wedge 
under the medial aspect of the lieel section of 
the plate It also has a better patient accep 
tance than other models Its only disadvan 
tage IS the tcndenc) of the steel spring to 
break at the rivets if this part is not protected 
against moisture or perspiration 

THE AIANUFACTUEE OF CELLULOID 
PLATES 

The following materials are used in the 
manufacture of celluloid steel ware plates 

1 Celluloid (celluloid scrap) can be ob 
tamed at any novelty sliop or button manu 
facturer Unfortunatelj inflammable cellu 
loid must be employed The use of nonmflam 
mable celluloid has been tried with negative 
results since this material has rendered the 
final product rather bnttle and decreased its 
durability 

2 Acetone as a solvent for flie celluloid 
Aqv jiaint jitore will secure it if it is not in 
stock 

3 \\'’ebbing as used in the upholstering of 
furniture Everything depends on the quality 
of this webbing if this is poor the final prod 
uct will also be poor We use herringbone 
webbing two inches wide and loosely w'OV'en 
which combines the necessary strength with 
a light weight and with an adequate capacity 
for absorbing celluloid 

4 Piano steel wire of different gauges The 
normal plates for adults require a 2 mm or 
gauge #36 wire while for women and chil 
dren gauges #40 and #44 (115 mm ) arc 


sufficient Instead of piano steel wire a flat 
spnng steel 1 cm wide and 1 5 mm thick 
may be used For routine work however we 
prefer piano steel wire 

5 Burlap of medium weight is used for the 
outer or third lajer of Uie celluloid plate in 
preference to a second layer of herringbone 
webbing 

6 Pressed cork ^ inch thick is available 
m sheets at cork factories or shoe suppl) deal 
ers The cork is used for the wedges tinder 
neath the heel of the plate It is also ground 
to cork meal which mixed witli the celluloid 
serves as i filling matenal for the second lajer 
of the plate 

7 A loose cord (hemp) for the imbedding 
of the wue 

8 A strong linen tliread for the fixation of 
the webbing on the model in the process of 
making the plate 

9 Fine calf leather for lining and suede 
leather for the sole 

The technique for making a celluloid plate 
IS difficult to describe and quite complicated 
as much attention has to be given to minor 
details A person experienced in celluloid 
work however will gather suScient jiiforma 
tion from the follow ng description to be able 
to turn out correct celluloid plates 

Tile plaster of Pans model wbich represents 
the foot in its corrected position must be per 
fectly dry and smooth before it is ready for 
application of the first layer Tlie onJj per 
missible correction of the model is the prep 
aration for a metatarsal support in the case of 
a pcs transverse planus The distal margin tor 
this support has been determined on the foot 
and consequently on the negative and positive 
models by the indelible pencil marks The 
metatarsal pad must be of sufficient height to 
relieve weight bearing from the lieads of the 
second third and fourth metatarsal bones At 
the same time it must permit weight bearing 
on the heads of the first and fifth metatarsal 
bones The latter requirement limits the width 
of its transv erse diameter The metatarsal pad 
of the finished celluloid plate has a definite 
contour unlike the metatarsal pads of the 
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many ^'pes of plates on the market TJie dis 
tal edge (to\^ard the toes) is its highest part 
and drops \crticallj dowm to the sole The 
edge IS straight or shghtl) convex toward the 
heel of the foot Moreover the metatarsal pad 
becomes narrower and flatter toward the 
longitudinal arch of the foot To obtain such 
a metatarsal support on the finished plate a 
corresponding depression must be cut out of 
the sole of the model This is done with a 
strong kaiife or even better vv ith a chisel that 
cuts the distal edge where the cavity has the 
greatest depth and graduallj prepares a 
proper excavation 


Idl 

To prev ent undue pressure of the plate ov er 
bon) prominences such as the tuberosity of 
the fifth metatarsal bone and exostoses of the 
first and fifth metatarsal heads or a spur of 
the os calcis the model needs further prepa 
ration The places which have been outlined 
vvitli the indelible pencil are covered with 
pads of thin white felt fixed to the model bv 
means of tacks and the margins are beveled 
with a sharp knife Fmillj tvv o large tacks or 
na Is are driven into the plaster on the dor 
sum of the model to which is attached the 
strong linen thread used to hold the webbing 
in place 



Fig 121 (a) Plaster of Pans model for a cellu The Tiorsesl oe” wire is ahead} imbedded Th^ 

lod plale The metatarsal excavation is pre proximal transverse wire is si own between twC 

pared and a felt pad covers the tuberosity of peces of lemp cord The filhng of the meta 
tlcfiftl metatarsal bone (b) The model is cov tarsal pad with cork meal cellulo d is still vasi 

ered w th the first longitudinal layer of webbing ble (d) External laver of the hemngl one 

a cork pad iresscs the webbing into the exca webbng (e) A medal wedge of cork is fas 

vat on for the metatarsal support ISote 0 e bidg tened to the 1 cel of the j late wl ch is tnmmed 

ing at tie tuberosity (c) Tie piano-5tee! ware for tic first fitting (f) The Lange cellulo d 
for a Lange type plate is placed over the first plate has a strong lateral border Insert sho vs 
layer For tlis purpose double ware is vised the med al wedge at tl e 1 eel 
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The necessary quantity of celhiloul scrip 
(tiiree parts to ten of Acetone) is dissolved in 
Acetone in an airliglit conlaincj- 7nd sttircd 
until it becomes sinootli and ere im like in 
consistency 

The ceUuhld plate consists of three mam 
laijers the internal layer made of longiUidi 
nal straps of webbing the sUel wire skel 
cton embeddcil fn celluloid with the aid of 
loose licmp cord and willi cork meal celluloid 
as a filling material and the external layer of 
burlap or transverse straps of ^vehblng 

For the first layer a piece of 2 inch herring 
bone webbing is cut from the roll correspond 
lUg in length to the U shaped contour of the 
plate from (he base of (he big (oe following 
the internal border of the foot around the 
heel to the fifth toe This first strap is applied 
to the model from the big toe aroun<{ the heel 
to the little toe encircling the foot like a 
horseshoe It forms the outer and inner mar 
gins of the plate the heel cap and nearly 
two-thirds of the sol© It is usually not dilR 
cult to place this strap as the webbing may 
be slightly stretched and pressed until it cov 
ers the model and is free from creases The 
strap IS held in place by many turns of the 
strong Imen thread attached and reattachetl 
to the nails on the dorsum of the model When 
the first strap is in place a small area of tri 
angular shape (gusset) remains An additional 
piece of herringbone webbing is cut exactly 
to the pattern of the uncovered area of the 
model and inserted into this space by pudiing 
•ft Vnt rntrti’nrr ‘nmis tA \’rnr \Vfm \Vn’Krfi 
At this point tJie entire model is covered with 
the first lajer of webbing and care must be 
I iken to hold the material on the model com 
pletely flat avoiding creases and lumps as 
well as even the smallest uncovered sqjaccs 
The webbing is then covered with the cellu 
loid cream by means of a hard brush or pret 
erabl) a knife with a wide blade and the 
celluloid IS forcibly massaged into the web 
bmg This IS one of the most important fea 
(ures m the process of making durable and 
light celluloid plates Tlie finished plate must 
represent a homogeneous mass of celluloid 


and webbing or burlap with the steel wires 
imbedded rather than separate onion like 
layers of webbing burlap and celluloid For 
this purpose a siifiicjent amount of Jibor Jns 
to be devoted to the proper massaging of the 
ccUhIokI cream into tlio webbing It is best 
done IS already stated with (he blade of a 
strong knift and this movement mav be re 
jicated several times until the coat is perfect 



TiG 122 (a) Metatirsal pad corresponds ex 

acfly to the excavation on tie pcstve mKlcI 
Note tl e si arji and steep antenor border of tl e 
eveavaUon (b) U shaped do iblc w re on cellu 
hid plate IS partly imbedded (c) Small cellu 
1< id plate dispenses v\ ith the large lati r il I order 
leaving a narrow nm at tl e I eel Tl e I eel 
part of tic plate i covered tie anterior pirt 
still si ovvs the slnictiire of the first layer 
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In a plate with a metatarsal support it is 
sometimes difRcult to force the webbing into 
the excavation provided m the plaster model 
A few cuts into the webbing as well as thich 
er celluloid cream maj be helpful To hold 
the first la) er dow n to the bottom of the cav 
it) a small piece of cork or wood of corre 
spending size is tied on to the model until the 
first lavtr is completel) hard It is then re 
movetl an<I the hollow is filled m with a tough 
mixture of cork meal and celluloid Drying of 
the first la)er on the model takes approxi 
mately twent) four hours It is possible of 
course to hasten the process of making a cel 
luloid plate This should not be encouragerl 
however as complete hardening of each layer 
will add to the durabilit) of the finished prod 
ucl and at the same time save weight and 
hulk 

Tlie second Ia)er is composed of the steel 
wire stnicture The original placing of the 
wire requu-cs one longitudinal and two trans 
verse wires as illustrated in Figure 121 Our 
modification of the “skeleton” of this celluloid 
plate substitutes two new U shaped wires 
for the original longitudinal wires with the 
basis of die U running transversally across 
the metatarsal region and its open end facing 
the heel The two U shaped wires are the 
same for our modified celluloid plate without 
the lateral border as for the ongmal Lange 
plate In the latter the two transverse wires 
are Kid across, tbc U wKes Wbcxevec 

the 2 mm or gauge #36 piano steel wire does 
not suffice to bear up under the body weight 
It IS simply doubled The proper placing of 
the Wire is another prerequisite for the light 
weight and durability of the celluloid plate 
Tlie second layer of the plate requires there 
fore the aid of a skilled mechanic while the 
celluloid work is usually left to the leather 
worker The piano steel wire is kept read) 
m the customar) length the ends are flattened 
on the anvil Bending of the wire is accom 
pi shed With two pairs of pliers and a small 
vase This procedure is difficult only where 
two wires cross each other especially where 
the transverse wires cross the longitudinal wire 


or the U shaped wires These crossings have 
to be made very accuratel), otherwise the 
plate w dl become too bulky As soon as the 
wires are properly placed the) are encircled 
with loose hemp cord in order to achieve ^ 
uniform level and a better imbedding The 
ends of the cord slighll) exceed those of the 
wires ^\hres and cord are then fastened to 
the model b) means of a thicker celluloid 
paste and the entire second la)er is again 
secured by means of many circular turns of 
the strong linen thread Tlie entire surface pi 
the second layer is now leveled by means of 
celluloid Where a greater unevenness has to 
be filled m cork meal is used to advantage 
the cork meal celluloid mixture undergoes le?s 
slirinkagc when dry than the celluloid cream 
alone Tlie tliickness of the second la)er ts 
determined by the thickness of the steel vvi^e 
and should under no circumstances exceed 
the level of the w ire at any place When the 
second la)er is finished the shiny surface of 
the steel wires must be vasible within the 
celluloid Again the plate has to be kept in a 
dry place for at least twenty four hours 
The tliird la)er is usually made of burlap of 
medium w eight Originally herringbone web 
bing was used phcing tlie straps transver 
silly (hat IS at right angles to the straps of 
(he first lav er Webbing for tlie external layer 
makes the plate stronger but at the same time 
lieavier than is necessary in most case^ 
Vloxeavet it requites greater skill and mor^ 
labor than tiie simple procedure of cutting 
a one piece cov et from the burlap Tho 
burlap IS easily stretched over the model 
It IS fastened with circular turns of the strong 
linen thread It may also be fastened to th^ 
model with a few tacks in the region of the 
heel to secure better fitting Celluloid cream 
is now repeatcdl) massaged into tlie burlap 
until a perfectly smooth surface is obtained 
Ulien the celluloid is completely hardened 
which again requires twent) four hours an) 
remaining unevenness is smoothed out with 
sandpaper As a last cover a rather thin cel 
luloid cream mav bt spread over the surface 
with a paint brush 
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Finally a square or triangular piece of 
pressed cork is placed on the heel of the 
plate while it is still on the model Rather 
thick celluloid cream is used for this purpose 
and a strong cord is needed to hold die cork 
in place The size shape and position of the 
cork depend upon the requirements of the 
individual case In the majority of cases a 
medial heel wedge is needed to correct tlie 
valgus position of the heel 

As soon as the entire plate including the 
cork wedge is completely dry it is cut from 
the model with a sharp knife Prior to the fit 
ting It should be given some time to drj on 
the inside as frequently the plaster of Pans 
has retained a little moisture Before the plate 
leaves the workshop its edges arc trimmed 
w itli a sharp kmife or with strong scissors and 
if necessary the internal surface is smoothed 
out with sandpaper Tlie phte is again placed 
on the model and remains tliere until the time 
of the first fitting 

HTTING THE CELLULOID PLATE 

Tlie plate is taken from the model and fitted 
to the patients foot over a stocking If the 
plaster of Parts cast has been correct and the 
plate properly made it ivill fit exactly to the 
foot holding it in the position of the desired 
correction The margins of the plate are now 
trimmed with a sharp knife to the proper 
form and size Next the cork at the heel is 
shaped with a knife and a rasp to give the 
desired correction of the \algus position To 
test whether the amount of correction is suf 
ficient the patient is placed on a hi^ stool 
with a horizontal surface or better still a 
special examining stool or table with the 
long axes of both feet running parallel The 
plates are placed under both feet and the 
height and the shape of the wedge are 
changed until the os calcis is securely held at 
the correct place xvithm tlie u eight beanng 
line of the extremity 

Tlie patient has been mstnictod to wear a 
suitable pair of shoes for the fitting usuall) 
an oxford shoe of the Blucher type which has 
not jet yielded to the deformity of the foot 


The plates are then inserted into the slices and 
covered with talcum powder the patient 
puts on his shoes with the aid of a slioe horn 
If the plate fits well in the shoe and shoe and 
plate fit well to the foot the patient is again 
placed on the examining stool so tliat it is pos 
sible to judge whether the desned position of 
the plate in the shoe has been obtained If 
this is the case he is sent for a short walk in 
order to test the effect of the plate on walking 
The celluloid plate being a very sensitive 
appliance requires more adjustment than the 
active correcting Whitman tj-pe brace Before 
it is finished it has to be tested over a suffi 
cient period of time so that the amount of cor 
rection may be precisely regulated Tlie pa 
tient IS told to wear the unfinished celluloid 
phtes in the same parr of shoes to which fhej 
were fitted for several bom's daily preferably 
m the early morning over a period of from 
two to five dajs He must then return for a 
final adjustment of the plates if necessarj 
Thereafter the plites are sent to the work 
shop placed on the model and may require 
another coat of celluloid before they art lined 
with thin calf leather or shirting nnallj the 
plates are marked right and Icjt on the out 
side and delivered to the patient 

THE MANUFACTURE OF FIBERGLASS 
FOOT PLATES 

By Alfons R Glaxhutz 
In this procedure the plaster of Pans mode! 

IS “screened down " using window screen wire 
to obtain quickly a smooth plaster surface 
Tliree coats of parting lacquer may be applied 
without waiting for the model to become com 
pletely dry More recently 1 oly\ in) 1 alcohol 
film has been used in preference to the lat 
quer The Poly\in>l alcohol sheet is placed 
in a damp towel for three minutes and then 
pulled over the model and hound tightl) A 
layer of Dacron felt is appl ed in tlie same 
manner over the Poljvinjl alcohol sheet 
Tliree to six la)crs of glass doth are stretched 
over tlie model and covered with Dacron 
felt for a smootli surface on flio outside 
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Fic. 123. Fiberglass metatarsal plate with and without lateral flange. 
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Orthoboiiil A and_B arc mixed and nibbed 
m with tongue depressors or spatulum Final 
ly, n secojui Polyvinyl alcohol sheet is applied 
and tlie appliance is bench cured for ont 
hour Tlie plate is cut of! the morlel and is 
then ready for fitting 

The same technique may be used with 
slight modifications for other orthopedic ap 
phances where fiberglass is preferred to cellu 
Joid or Laminae 

THE hfANUFACTURE OF LAMINAC 
FOOT PLATES 
By Paul SaiuMACUEn 

Laminae, a resin used for constniction of 
plastic arch supports of varying densities, 
comes in two strengths 4^^4110, which is ngul 
or glass hard, and #4136, which is flaccid or 
completely soft With a mixture that is com 
posed of 75 per cent of the rigid component 
and 25 per cent of the flexible type, the final 
result lb a phstic that is strong yet contains 
some flexibility and is similar, m tins way, to 
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celluloid By increasing the rigid component, 
a tougher mixture is produced and of course, 
the reverse {s true 

The plaster of Pins tecJwnque follous tlie 
procedure for mahing celluloid plates except 
for the fact that three coats of lacquer must 
be applied when the model of the foot is 
ready The second and third coats may he 
applied only when the preceding layer is 
tlioroughly dry Next, a Polyvinyl alcohol bag 
IS made to the contour of the support After 
nylon stockinette is applied to the cast in four 
layers, the Polyvinyl alcohol bag is used to 
coverthecast.Ieavmga hole or pouch through 
which the resm is poured m sufficient quan 
tily to impregnate the various layers of nylon 
After a curing period of about two hours tlit 
plate may be removed and trimmed 

In closing this chapter, we would like to 
feature two small, very useful appliances the 
leather mcuilarsnl corset and the great toe 
spring slid splint Both are worn inside the 
stocking 
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APPLIANCES FOR THE UPPER EXTREMITIES 


We iime deferred our discussion of brace 
constnicbon for the upper extremities mainh 
beenuse the conditions of this part of the 
bod) requiring ortbopcdie appliances are con 
siderabl) fewer than those for the spine or 
the lower extremities Furthermore lesions of 
the shoulder girdle and the arm demand or 
ihopcdic treatment less frequenti) than those 
of the spine and legs As surgery is usually 
more effcctn e for treatment of the upper ex 
tremilies a brace is seldom indicated and 
rarelj worn for more tlian a limited period 
Moreover a defect or lesion affecting one arm 
IS not hVely to disable a patient to the same 
extent as a deformitj of a leg As wc know 
both legs form a systemic unit while each 
arm must be considered as an independent 
unit Thus a patient with one normal upper 
extremity will be more or less inclined to neg 
lect the disabled or useless side and quite fre 
quenllv will not use the prescribed appliance 
properl) Finally the principles of brace con 
slruction for the upper extremities differ \eiy 
little from those described for the appliances 
for the spine or the lower extremities In addi 
tion the materials and workshop tecliniques 
are the same For these reasons we shall refer 
to previous chapters for such details Weight 
bearing and consequently unweightmg of the 
extremity play no role m brace construction 
for this part of the body 
Wc shall however encounter new prob 
lems in the design of a useful brace for the 
atm The upright carriage of the human being 
has freed the upper extremities from the tasks 
of w eight bearing and locomotion Tlie mdi 
'idual arm os a whole has acquired a range 
of motion and a \ anety of functions no longer 


comparable to the fairly simple and limited 
tasks of the leg In addition to the vital 
mechanisms of supporting pulling and push 
ing the bod) of gripping and holding of 
feeding and cleaning protecting and fighting 
the human arm and hand serve as a means 
of expression for many primarily psychic 
functions (Braus) To meet these unlimited 
demands the arm has gamed a much greater 
range of motion Tins is achieved not only by 
an increased motility of its sections afforded 
by the build of its joints but also by the 
freely movable suspension of the arm at the 
shoulder gudle The latter may be com 
pared with a movable platform which carries 
the lever system of a crane It is obvio is 
that the most ingenious brace construction 
cannot imitate or substitute for even a part of 
the vatalit) of a normal arm The complex 
anatomy which gives the upper extremity its 
great range of movement and its versatilitv 
does not offer a secure attachment and fixa 
tion for an orthopedic appliance For ana 
tomical reasons the thorax cannot afford the 
same stability for an arm brace as does the 
pelvis for the lower extremity 

Several appliances for the upper extremity 
require a plaster of Pans mold of the shoulder 
and the arm or one of its sections This is true 
whenever molding leather or plastics are to be 
used Specific examples include a Hessing 
type brace for a pseudarthrosis or a flail el 
bow and an appliance to prevent recurrent 
dislocation of the shovilder NVben preparing 
the plaster mold we maintain the limb in the 
desired position At times this may be dilB 
cult as in the case of pseudarthrosis of the 
humerus for the reason that the small dimen 
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sions of nn nrm imy cnuse the surgeons hmd 
to interfere with the application of the plaster 
of Pins In such -in inshnee traction applied 
at the tlbow b) means of atlhesi\e Hpe or 
strips of webbing glued to the skin with 
Mastisol* will he helpful Similirly traction 
may be applied to the fingers or finger grips 
made of gilvamzcd steel wire may be usetl 

*N{ast sot {n 1 cl Mist gnu) Cfo ga i inci Co Cfi 
ca-o 26 111 no s 


Orthopedic appliances for the vipper ex 
tremities may be classified into two groups 
1 Appliances which are used temporar 
ily as part of the general orthopedic treat 
ment This would include for example braces 
to immobilize a joint in a desired position 
to prevent development of a contracture or 
to correct an alreadj existing deformity The 
ipparatvs includes the abduction sphnt for 
the slioulder appliances used in the treatment 
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\il en prepinng a m ild 
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of obstetric paralysis or birth pals), braces 
for the correction of a flexion or extension con- 
tracture of the elboxv, wrist or fingers, and, 
finally, splints which are used in the treatment 
or after care of fractures, such as the ‘ baseball 
finger,” and appliances which serxc to immo 
bihze or support sections of the upper evtrem 
ity during the long period of recover) fol 
lowing nene injury 

2 Braces which are intended for a perma 
nent function comparable to an artificial arm 
Examples xvould include a molded leather 
steel arm brace for a flail elbow joint or for a 
pseudarthrosis of the humerus or of the fore 
arm wludi for some reason cannot be sue 
cessfully treated by surgical procedures ap 
pliances for a recurrent dislocation of the 
shoulder joint, a brace which immobilizes the 
wnst m a position of dorsiflexion or the 
thumb in opposition, m order to restore use 
fulness of the part for certain gripping func 
tions in case of partial paralysis 
It is obvious that all such appliances are 
concerned with motion They either ehmmate 
abnormal and excessive motion or they male 
motion possible by means of fixation 
The requirements of the individual case 
vaiy so greatly that standardization, which we 
prefer for the routine of the brace shop, is 
less practicable than it is for spinal and leg 
bracks The technique for building an appli 
ance for the upper extremities does not differ 
basically, as stated above, from the maniifac 
ture of braces for other parts of the body 
To illustrate the principles underlying brace 
construction for the upper extremities, we 
shall describe a limited number of appliances 

THE ABDUCTION SPLINT 
Of all the appliances for the upper extreim 
tics we consider the abduction splint the 
most xaluable Its use should be much more 
universal than we have found it to be AVhen 
immobilization of the shoulder joint or 
fixation of the arm becomes temporarily nec 
essar), the shoulder joint should be placed m 
abduction of 90“ The arm must rest com 
fortabl) supported down to the fingers on a 


splint bolding the humerus 25“ to 40“ m front 
of (anterior to) the frontal plane of the bod) 
The elbow ma) be held at a right angle, the 
foTcirm in pronation or neutral rotation, and 
tlie wnst in dorsiflexion the position of 
function” Tlie abduction splint may serve as 
a means of fixation in the treatment of a frac- 
ture of the humerus, preventing motion at the 
shoulder and elbow joints Devices for trac 
tion can be incorporated into the appliance 
On the other hand, tlie abduction splint may 
be used to support the arm in a favorable 
position as in the case of a fracture of the 
bones of the forearm which are immobilized 
m a plaster of Pans cast extending from the 
fingers to the humerus In an adult, the treat 
ment of fractures of the arm, regardless of 
their location (with the exception of some 
simple fractures at the WTist and of fractures 
of the metacarpal bones and fingers) must 
consider tw o common evils dev elopment of a 
contracture at the shoulder joint and impair 
ment of circulation Both occur when the arm 
IS carried m a sling or and this is worse, fixed 
to the body by means of adhesive tape or 
bandages Here the use of a well fitting ab 
duetton splint is indispensable Circulation of 
the arm continues under optimal conditions 
and the development of an adduction contrac 
hire at the shoulder joint is prevented In ad 
dition to its value in the treatment of fractures 
the use of the abduction splint is even more 
important in the so called '‘minor injuries” to 
the sboultler region which, if neglected, fre 
quently cause a disability far beyond vvliat 
might be expected from the original trauma 
Wlielher we term tlie resulting condition of 
the shoulder joint bursitis frozen shoulder,” 
or periarthritis humero scapulans the arm 
should be rested on the abduction splint Its 
use immmediately following even a minor m 
jtuy to the shoulder speeds recovery and pre 
vents the development of a contracture of the 
shoulder joint which is both painful and diffi 
cult to treat 

Furthermore, to improve circulahon and 
prevent the development of a contracture at 
the shoulder the fixation of the arm at 90° of 
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Fic 128 Abduction splint for the nght ann 


three forces will act on the scapula and one 
on the humerus Instead of introducing two 
forces at the scnpula with one acting Ncrticallj 
dowTiward on the acromion and the other 
horizontally from without on the lateral mar 
gm of the scapula the brace must secure the 
position of the shoulder girdle with relation to 
the arm on the thorax It is tssenlial that the 
hract remains well witlim the axilh and dis 
pHcement in any direction on the thorax must 
he avoided Two metal bands secure the posi 
tion on the thorax The proximal one just 
below the axilla, encircles one-quarter or one 
third of the thorax and serves as attachment 
for strap and buckle, completing the circle 
The distal, smaller, metal band should be well 
padded and rest on the iliac crest To this 
iliac band, the most important strap and 
buckle are attached which serve to carry the 
"eight of the appliance and the arm on the 
opposite shoulder In man) instances, these 
t"o straps are sufficient to hold the abduction 
brace m place A thud, circular strap, at the 
level of the iliac crest, ma) he added A 
shoulder strap on the side of the brace is 
optional Additional straps and buckles or 


straps with Velcro are used to maintain the 
position of the upper arm and forearm on the 
arm section, and a small strap is used to hold 
the hand on the cock up splint 

As this appliance is frequently used for a 
very short period of time (five to seven da)s 
follow mg manipulation of a “frozen shoulder") 
it is customary for us to re use the metal parts 
of the splint and replace onl) the felt pads 
and straps 

For the manufacture of an individual ab 
duction splint, we use inch bj inch round 
edge high carbon tool steel for the longitu 
dinal bar which supports the arm, forms the 
right angle at the axilla and ends on the 
pelvic band at the iliac crest (crest band) 
The flioracic and crest bands are made of 
2'^ inches by ’lo inch sheet metal or of Alcoa 
aluminum 2024 T4 The semi circular or small 
cr transverse bands are made of 1'. inches bj 
inch sheet metal and are riveted to the 
longitudinal bar winch supports the entire 
arm The crest band may be hammered to 
shape from 16 gauge sheet steel which widens 
at the middle where it is riveted to the upright 
longitudinal bar For a heavy patient, the 
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mam right angle of the abduction brace may 
be reinforced by a diagonal reinforcement bar 
of ^ inch bj inch round edge high carbon 
tool 5tee] made as an evtension bi" sliould 
the position of the arm at the shoulder need 
to be changed A simple jomt occasionally 
with a set screw for fixation may be intro 
duced at the elbow to permit flexion and 
extension while the hand rests on a small 
transverse bar Tlie distal end of the brace is 
built exactly like the small cock up splint for 
the wrist to be descnbetl on pages 4 Tlie 
brace is padded and lined with large pads of 
* inch white felt at the axilla and the crest 
band Finally the brace is fitted with straps 
and buckles or straps and Velcro for the 
thorax and the arm respectively 
If this abduction splint is properly made it 
will not only fulfill the medical indications but 
will also be comfortable for the patient As 
alw ays exact fitting to the contour of (he body 
witlioiit undue pressure on sensitive parts wjl 


make even a larger and lieavier appliance 
more comfortable than a small light brace 
which tends to mo\e away from the body and 
IS iimWe to guarantee proper immobilization 
or support 

^Vhere the arm must remain on the abduc 
tion splint without interruption day and night 
the patient will be more comfortable iii bed if 
the abduction splint is suspended at its hori 
zontal section (at the wrist or elbow) by 
means of a sling from the ceiling or the over 
head frame of a fracture bed 

THE STRAPLESS ABDUCTION SPLINT 

During World War II a new strapless ab 
dticiion splint was developed winch intro 
duces the three point system required for all 
orthopethc appliances While this appliance 
IS not sufficient for immobilization and fixation 
of fractures of (he arm it eliminates some 
disadvantages of the major abduction splints 
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This splmt ^ses the weight of the normal 
upper extremity to balance the injured arm 
against the forces of gravit) and conlracturts 
It eliminates the straps required to maintain 
the correct position of the large abduction 
splmt, discussed above, and avoids pressure 
on the lateral chest vv<ill and on tlie ihnc crest 
of the affected side It incorporates adequate 
extensions to permit adjustment and fitting to 
the adult patient of average size bj means of 
screwdriver and bending irons It is therefore 
not necessary to build the splint to individual 
measurements Simple to manufacture and 
suitable for mass production, tins splmt can 
be used for the right and tlie left arm It is 
very light m weight and easily dismantled for 
storage and shipment, requiring onlj a mm 
imiim of space 

BRACES FOR RECURRENT 
DISLOCATION OF THE 
SHOULDER JOINT 

Most cases of recurrent dislocation of the 
shoulder joint can be successfully treated b> 
surgery It is the rare case that requires a 
restnetmg orthopedic appliance, and then onl) 
for a short period of time Wiere surgical 
procedures are refused or contra indicated, a 
number of appliances ma) be recommended 
These must, of course, restrict motion at the 
shoulder to a considerable degree if the) arc 
to prevent a dislocation of the humerus Such 
appliances, built along more simple lines, are 
frequently used with hemophilia patients to 
prevent distension of the capsule and possible 
dislocation of the shoulder by recurrent hem 
orrhages Among the many acceptable con 
structions that have been published, the Hoh 
mann brace has been higlily effective in our 
experience The author describes the manu 
facture of his brace for recurrent dislocation 
of the shoulder as follows 
Two oval pressure pads, measuring approx- 
imatelj GJJ inches x Ok inches are cut from 
veiy thin sheet metal or durahiminiim (Alcoa 
aluminum 202-1 T4) and shaped to the contour 
of an accurate plaster of Pans model of the 


shoulder Both pressure pads are connected 
with a light metal bar vvhicli runs over the 
acromion This vise is held m place by means 
of a strap around the thorax, Ih inches to U* 
inches wide The thoracic strap, which is 
closed in front b) a buckle, attaches to the 
anterior and posterior pressure pads h) 
means of a V-shaped strap The attachment 
of the Ivv o y shaped straps at the pressure 
pads and their connection with the thoracic 
strap permit some motion at these points in 
order to avoid a displacement of the pressure 
pad vise at the shoulder joint bj movements 
of the Imdy and the ann Tlie arm proper is 
held in a kather cuff which nins from the 
axilla distally, measuring 3 inches to 35* inches 
m length The upper arm cuff attaches to the 
shoulder section of tlie brace bj means of 
three straps and buckles, the lateral of these 
three straps being riveted to the metal bar 
over the acromion, while the antenor and 
posterior straps are riveted to the correspond 
ing pressure pads • 

Hohmann claims ns mam assets of this brace, 
which he has used successfully in a large 
number of cases, an extraordinary range of 
motion for the ann, safety for the shoulder 
joint, and the fact tliat it is light m weight 
(approximate!) one lialf pound) We have 
used a similar brace construction for suspen 
Sion of the arm, permitting onl) very limited 
motion to prevent distension of the shoulder 
jQUXt dueuxg heTO.otth.ages to heTOophdiacs 

In the treatment of obstetrical jjarolysis or 
birth jaky an orthopedic appliance Ins its 
definite place It is not relevant to discuss the 
etiology and the various forms of a so called 
birth palsy Whether the condition is due to 
injury to the cervical plexus, to fracture of the 
humcnis, or to dislocation epiphysiolysis or 
simple sprain of the shoulder joint, the s) mp 
toms are alike and require treatment at the 
earliest possible moment Tlie arm is held in 
1 marked degree of internal rotation andactne 
abduction and elevation above the shoulder 


•IVof Dr Georg Ifolintann OnhnpdJuche Techmk 
Fcrdiiuad rnkc \crlag Stuttgirt, 1958 
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level arc. impossible It is tberefore necessary 
to support and immobilize the affected arm 
from tlie \crv beginning in a position of 90’ of 
abduction and complete external rotation at 
the shoulder joint right angle flexion of the 
elbow and neutril rotation or supination of 
the foreann To mainfam the desired posibon 
m a new born infant it is not advisable to 
use an abduction splint with the foreann sec 
tion in the vertical position as may be per 
missible for treatment of similar conditions in 
an older child For the new bom and the 
small infint a plaster of Pans shell or bed 


should be made which includes the trunk the 
head and the arms m the position described 
It IS advisable to use several lasers of gauze 
or crinoline (the size of which is predeter 
mined by the measurements of the baby) 
soaked m plaster of Pans cream in preference 
to plaster of Pans bandages In place of tlie 
plaster of Pans bed we liave occasional!) 
used a \ery simple light and inexpensive ap 
phance made of strong cardboird cut to a 
pattern The side walls arc sewed together at 
the corresponding comers to hold them in 
position and the appliance is covered and 
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lined with moleskin Holes arc punched out spnstic hemiplegia Usuall) in this condi 
for loops of tape whieh hold the small pihcnt tion the arm is more affected than the leg 
in the desired position And there is also a certain degree of paraljsis 

Although of dilTcrent origin and fref|ucnllj m addition to thepredommantspasticelement 
different in s} inptomatology we must men Tlie picture may somewhat resemble that of 
tion spastic paraljsis of the arm m infantile an o^tetncal paralysis TIic affected arm is 




ic 131 Canlbmrd led for tie treatment of obstetnc paralysis (right arm) The 
cardboanl is cut jn tw 0 sect ons according to the pattern shown abo\ e 
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held in internal rotation and adduction, the 
dhow flexed, the forearm pronated, the wnst 
flexed, tlie thumb drawn into the palm and 
enclosed by the fingers \vhich are flexed at 
the metacarpophalangeal joints and may be 
hyperextended or flexed at the interphahngeal 
joints Depending on the seventy of the case, 
some or all of these symptoms may present 
themsches in varj’ing degrees Here, the mam 
object of treatment by ortbopcdic appliances 
IS to prevent contractures which are bound to 
occur with the paralysis and the constant hy- 
pertoiuis of the muscles Cleverly designed, 
well made and properly apphcil orthopcihc 
appliances can be most effective in this area 

The plaster of Pans shell \\ ilh the arm-piece 
or the abduction splint with the forearm sec- 
tion in xertical position may be necessary for 
the treatment of spastic hemiplegia early in 
life Sometimes the tendency towards adduc- 
tion and internal rotation of die arm is of a 
moderate or mild degree but, at the same 
time, there arc present a marked pronation of 
the forearm ami a similar spasticity of the hand 
and fingers For such a child we designed a 
simpfe combination brace vvluoh consists of 
three mam parts 

1 A dorsal splint for the hand and the 
forearm, cut from light sheet metal, preferably 
Alcoa aluminum 2024 T4, to a tracing of the 
contour of die foreann and hand with the 
forearm in supination, the xvrist m moderate 
dorsiflexion, the fingers extended, and the 
thumb abducted The splint is lightly paddetl, 
and the palm of the hand and the fingers arc 
held in position by loops of narrosv tape 
through slots in the metal, while the svnsl is 
fixed with a strap and buckle, and the forearm 
w ith a cuff and lacing A special hook-sliapetl 
fixation device is riveted to the radial edge of 
tlio hand section of the splint in order to hold 
the thumb in abduction and extension This 
part of the appliance is built to correct the 
typical malposition of the spastic hand 

2 A small leather cuff for the distil lialf of 
the upper arm, nseted to a dorsal Alcoa 
aluminum 2024-T4 shield 


3 An abduction splint for fixation of the 
shoulder joint at a right angle, attached to 
the body by means of a thoracic and pelvic 
band and a system of straps This part of the 
brace ends distally with a cuff for the upper 
arm similar to that described m point 2 
The forearm hand section of the brace may 
be rigidly connected with either the upper 
arm cuff or the abduction splint by means of 
a small, rectangular bar which fils into a 
Simple device on the dorsal surface of the 
forearm and on eitlier of the two upper arm 
sections Tlie details of this constniction, par- 
tiadarly of the fixation device for the rectan 
giilar bar at the elbow, are readily understood 
from Figure 132 

Tlie rectangular bar at the elbow connectuig 
tlie forearm section of the brace with the 
upper arm, with the elbow flexed to 90*. 
controls rotuion of the forearm which is held 
(II complete supination This is an essential 
feature of the brace as the pronition contrac- 
ture of the spastic anii is most difficult to 



Fig 132 Combin ition brace for day and night 
treitmcnt nf the arm in spaitic licmiiilegia Tiie 
appbaacc is nssemWed for iije wUi the abduction 
brace The small cuff for the upper arm, winch 
max be worn instead of tlie abduction brace, is 
shown separately. 
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Fig 132 (contd) (a) Forearm spl nt ins de vie\ "Note the hooV for tie tl mb 
(b) Outside '.new Note the double flange attachment for tlie angle bar (c) Upi er arm 
cuff attached to the angle bar (d) Tlie forearm brace with straps for hind and fingers 


correct Tlie idea of this combination brace 
is to maintain tlie corrective forces on forearm 
wrist hand and fingers continuously daj and 
night while at the same time limiting correc 
tion of the mddor degree of internal rotation 
and adduction at the shoulder to the mgbl 
and according to the requirements of the 
case to some time during die daj Thus the 
small patient miy be freed from the larger 
appliance without sacrificing the continuous 
correction of the condition of the forearm and 
hand m the hope tint his general development 
ma^ be encouraged if he is up and about with 


onl> a small brace that does not interfere too 
mucli with his activities 

THE HESSING-TliTE BRACE 
FOR THE ARM 

A molded leather steel skeleton brace of 
the llessmg tjqie for the upper extremity is 
indicated for treatment of pseudarthrosis of 
die humtnis or of one or both bones of tlic 
forearm in cases of destruction of tl e elbow 
joint or the wTist witl out complete ank)losis 
in htmoph he arthropathies and for treatment 
of a high degree of piraljsis of the muscles 
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resulting m a flail joint especially at the 
elbow A bnce will Inve to be worn constant 
ly if surgical procedures ha\e failetl liave 
been refused or are contra indicated To offer 
the extrinsic support of an orthopedic appli 
ance in place of the intrinsic stability of the 
arm a molded leather steel skeleton brace is 
the appliance of choice and is vastly superior 
to any other brace construction An accurate 
plaster of Pans model of the arm must be 
made in the desired position using when 
necessary the aids mentioned at the beginning 
of tins chapter (see page 163) The brace 
made to this plaster of Pans model must be 
designed according to the individual case m 
order to restore the usefulness of the arm as 
far as possible At the same time it must be 
no larger or lieavier than is necessarj to ac- 
complish its purpose 


First of all the type and location of the 
lesion to be treated must be considered The 
Ovition of a severely damaged elbow or a 
flail elbow in a paralytic case requires an 
appliance which includes the arm from the 
shoulder to the wrist or if pronation and supi 
njhon must be controlled even to the meta 
carpophalangeal joints of the fingers In a 
pscudarthrosis the outline of the brace will 
depend not only on the site of the pseudar 
(hrosis but also on the amount of motion 
wlucli IS present A complete pscudarthrosis 
of the liumenis with no stability whatsoever 
particularly if situated in the middle or prox 
imal third of the humerus w ill require a brace 
which includes the shoulder and reaches dis 
tally to the wrist In a pscudarthrosis of the 
lutmenis close to the elbow joint it may suffice 
to include the upper arm without including 



Hr 133 Molding leather Hessms type brace for tlie forearm Usctl 1 ere for delajfd 

union of fracture of both bones of ll e forearm 
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the shoulder \vhile i pseudirthrosis of lilt 
forearm mav be effcctn ely stabilized by means 
of a leather casing from elbow to wrist mold 
ed over two light longitudinal sttel bars 

^Vhere fixation of the elbow joint is required 
It is important to consider the patients pro 
fcssion or occupation As a rule a flexion of 
90° constitutes the optimal position for the 
universal use of the arm A farmer or a car 
penter for example or a clerk who writes a 
great deal wll be better off with a fixation of 
the elbow at an obtuse angle As alwa)s in 
the field of orthopedic appliances it is neces 
sary to analyze the condition and the require 
ments of the individual case before designing 
a brace 

The technique for building a Hessing type 
brace for the arm is carried out m accordance 
with the detailed description for leg braces 
in Chapter 4 Some modifications however 
are necessar) An orthopedic appliance for 
fixation of the arm requires much less strength 
than one for the lower extremities The re 
inforcemenluiut consisting of set screw plates 
and steel bars may be omitted For a brace 
mth an elbow joint two light longitudinal 
steel bars joined at the elbow and connected 


by two semicircular bands of light sheet 
metal or Alcoa aluminum 2024 T4 for th 
upper arm and two for the forearm will be 
us^ A molded leather brace without an el 
bow joint may frequently be built with two 
longitudinal steel bars only w itli the strength 
of the molding leather done guaranteeing 
sufficient stability In addition the molding 
leatlier section may be generously perforated 
with boles to reduce the weight of the brace 
and allow fret perspiration Instead of eyelets 
or hooks and lacing a number of circular 
straps and buckles or Velcro may be used For 
fixation of the elbow joint in one or sescral 
positions for example at an angle of 160° 
90° and 60“ a locking mcclianisni may be 
use<l on the latcril longitudinal bar 

For protection or immobilization of the 
tlbow fiberglass has largely replaced molding 
leather for jointless braces or one piece splints 
as well as for the more complicated orthopedic 
appliances with free elbow joints or locks at 
various angles and for braces introducing cor 
rective forces to overcome a flexion or exten 
Sion contracture Inasmucli as m hemophilic 
artliropjtliiis elbow joints rank second in 
frequency of mvohement (knee joints rank 



Fic 134 Fiberglass elbow brace with adjustable lock j int on tl e lateral bar 
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Tic 13o Fil^ergUss bnee for upper extremity 
conbiuin^ protective support mth itticlments 
for corrtclne forces for elbow and unst Tlie 
dorsal sections for upper inn forearm and hand 
ire made of hber^lass the ar tenor sections of 
foam rubber pidded leader «ith straps Note 
umversal joint on dorsum of wnst «hicl) permits 
immobili 2 ation of «nst in an> desired relation of 
foreann and hand The longitndiuil bar for 
elistic bands to correct flesion contracture it 
the elbow cm be removed 

first) Me hue used fiberglass arm bracts 
extensivelj on hemopliiln patients The rigid 
ity of fiberglass eliminites the need for steel 
or aluminum bars so tint mctil binds and 
parts ire used onlj for joints and for introduc 
tion of corrective forces In addition a joint 
less fiberglass splint for the arm is used by 
hemophiliacs is a brace for SMimmmg For 
this purpose phstic straps irc tised 

Many conditions of fore irm hand and 
fingers especially post traumatic contractures 
cui be successfully treated by “actite splint 


uig For this purpose a most useful collection 
of splints has been designed by the late Ster 
Img ntinncll past master of hand surgerj As 
lhe»e arc commercially available and can read 
ily be seen in tlie illustrated catalogues of 
inamifachtrers and suppliers of physical ther 
apj ctjiiipmcnt a description of the series may 
be omitted 

VVliere an evtension contracture of the four 
long fingers must be treated the so-called 
Kmckenberg gloae" is widely used This 
consists of a leather or fabric glove with strips 
of tape or elastic sewn on to the dorsal aspect 
of the fingers from the base of the proximal 
philant to the finger tip Tliese four strips 
are tied to a wrist band which also holds the 
glove in place As a rule this glove is worn 
at night It is a simple device helpful m 
correcting post traumatic extension contrac- 
tures of moderate degree 

As many contractures of the fingers are 
associated with a contracture of the wrist the 
majority of appliances in this group may not 
be limited to the hand and fingers alone Tlie 
correction must also include the wrist thus 
necessitating a brace which includes the fore 
arm almost up to tlie elbow As it is very 
difliCTill to construct a fairly simple appliance 
that Will introdiicD corrective forces simulta 
neously at the wrist and at the plialangcs we 
prefer to conect a deformity of the wTist first 
We then immobilize the wrist m the desired 
position and proceed with treatment of the 
contractures of the fingers as a second stage 
In general the forearm the wrist and the 
palm of the hand to a level just proximal to 
the metacarpophalangeal joints will be in 
eluded m a molded leather brace made to the 
plaster of Pans cast of the hmb » ith the w nst 
held m moderate dorsiflexion obtained by the 
earlier treatment Devices for correction of 
the deformity of the fingers are easily attached 
to such a molded leatlier steel skeleton brace 
To illustrate the construction of such a 
brace vve should like to describe a brace for 
the treatment of Volkmanns contracture 
A Volkmann s ischemic contracture which 
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usually follo\\s a supracondylar fracture of 
the humerus in children, but is also seen in 
hemophiliacs from hemorrhages into the mus- 
culature of the forearm, is one of the most 
disabling conditions affecting the arm Once 
it exists, it IS almost impossible to restore esen 
part of the function of the hand In a typical 
case, the elbow is flexed, the forearm is pro 
nated, and the wrist presents a flexion deform 
ity, while the fingers are hyperextended at 
the metacarpophalangeal joints and flexed at 
the interphalangeal joints If the case is one 
of long standing the arm is atrophic, and 
shorter than the sound arm because of dis 
turbance in growth Tlie skin is glossy and 
atrophic Sensory disturbances with ulcera 
tion of the fingers may also be present In the 
absence of marked sensory impairment, this 
condition forms a suitable indication for treat 
ment by Mommsen’s Quengel method, which 
has obtained remarkable results As a rule, 
the initial Quengel treatment is followed b) 
the use of an orthopedic appliance Such a 
brace may consut of a molded leather casing 


with stcti reinforcements, including the fore 
arm, the wrist and the hand from the elbow 
to the provmial interphalangeal joints of the 
fingers, holding the metacarpophalangeal jomts 
in moderate flexion The brace lias its opening 
on the ulnar aspect of the forearm and the 
hand, and is closed b) means of hooks and 
lacing A separate attachment holding the 
thumb 111 abduction and extension consists of 
a thimble like loop for the terminal phalanx of 
the thumb and a spring riveted to the molded 
leather-steel brace on the ridial side at the 
wrist A small pressure pad is riveted to the 
spring at the level of the metacarpophalangeal 
joint of the thumb While immobilizing the 
wrist in dorsiflexion and the metacarpophalan 
geal |oiiils 111 moderate flexion, the terminal 
and socomi phalanges of the fingers are not 
included in order to permit active and passive 
movement of the interphalangeal joints and to 
enable the patient to use liis fingers for certain 
activ ities To prevent recurrence of the flexion 
deformity at the interphalangeal joints an 
attachment for the brace has been designed 
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Fio 137 Molded leather bnco for correction 
of flcMon ileformitioi of the fingers In the case 
shown the flexion contracture of the tl ird and 
fifth fingers w iscausedbvinjurj to flexor tendons 


which holds the fingers m full extension slur 
mg the night and if desinhle dunng part 
of the ihy T}tis itltchment consists of to 
A lcoi nlummiim 2024 T4 shield cut to the 
contour of the four fingers with proximal 
extensions This shield rs insetted wich its 
proximal extensions into two transverse metal 
^ bands which are nveted to the brace over tlie 
dorsum of the hand It is slotted for a strip of 
tape which holds the terminal phalanges of 
the fingers in loops 

By placing the fingers into these loops and 
inserting the shield into the two transverse 
bands on the dorsum of the brace the fingers 
are securel> tied in full extension 


Tlin COCK UP SPLINT 
One of the most useful orthopedic apph 
ances for the tipper extremities is the small 
light coeh up splint winch permits imniobili 
zation of the wrist m the desired degree of 
tlorsiflexion The splint does not require a 
plaster of Pans model but is made of a long 
ihiclinal bar cut from sheet metal or Alcoa 
aluminum 2024 T4 to a pattern To support 
the palm of the hand the longitudinal bar 
carries at the distal end a T shaped cross piece 
of sufficient length to permit bending up at 
a right angle at the second and fifth meta 
carpal bones For attachment to the foiearm 
two transverse bands are required one at the 
wrist anti one at the proximal end of the 
appliance corresponding to the distal border 
of the proximal third of the forearm IVhile 
the two transverse sections for the forearm 
form a right angle with the longitudinal bar 
the cross piece for the hand is cut to form an 
angle of 73 80* with the longitudinal bar Tlie 
entire appliance may be cut in one piece It 
IS hammered to shape on the lead correspond 
ing to the form and shape of forearm wrist 
and hand Prior to this it must be determined 
whether the splint is to be used for a right or 
a left arm as the cross bar for the hand must 
form an angle of 75-80* with the longitudinal 
bar on the ulnar side and the larger angle on 
the radial side The longitudinal section is 
hammere<l slightly concave with the middle 
part of the cross bar supporting the palm 
convex toward the palm wliile the two trans 
verse bonds for the wrjst and the forearm are 
hammered to a semi circular shape The brace 
requires no padding and it is covered with 
leather The leather for the three cross bars 
IS cut to sufficient length to form a strap which 
immobilizes the forearm and the hand on the 
volar splint, using a stud on the external or 
ulnar end of each cross piece and a number 
of holes in the free end of the strap if \ elcro 
IS not available A volar brace for dorsiflexion 
of the wrist made according to the procedure 
described forms a very neat appliance which 
may bo worn almost inconspicuously while 
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Fig 138 Gutter splint for Volkmann s Ischemia (Courles> Alfons R Ghubitz ) 



Fic 139 Pattern for simple cock up splint 

at the same time, it allows full use of the 
fingers and the fist 

As the cock up splint holds the wrist in 
dorsiflotion, the hand is in “the position of 
function ” This appliance is most useful in the 
treatment of nondisplaced fractures at the 


ivrist, particularly m older patients, and m the 
aftercare of fractures that have been treated 
by closed reduction and casts or by surger) 
It IS indispensable m the treatment of the so 
called “tenms elbow,” cpicondvhtis lateralis 
humeri, where it maintains the wTist m max 
imum dorsiflexion for a period of six weeks or 
more to eliminate extensor carpi radiahs puU 
at the lateral epicond) le of the elbow 

THE PLASTIC FOREARM BRACES 
Another useful appliance for this region is 
ivawe, ji.lwcJ? .wzvcvw 
plishes complete and uninterrupted immobil 
ization of the WTist, usually for a fracture of 
the carpal navicular, over a period of many 
months This apphance is made to a plaster 
of Pans model wath the hand m dorsiflexion 
and ulnar abduction, corresponding in outline 
to the plaster of Pans cast in common use for 
this fracture If the fiberglass brace is fitted 
with plastic straps, thepatientmaj takeabath 

HOHMANN BRACE FOR DISTAL RADIO- 
ULNAR ARTICULATION 
Recurrent subluxation of the distal radio- 
ulnar articulation, with the ulna dorsallj 
promment, maj be \ eiy painful and disabling 
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Tlie condition is not nre -ilthough its dug 
nosis IS often oserlooked Conservative treat 
ment with a small orthopedic appliance de- 
signed by Hohmann has been serj effective 
t.Vv'vt ths, vs 

Although it IS quite dilHcult to make and fit 
this brace correctly the technique must be 
mastered or the appliance becomes useless 

SPLINTS FOR EMERGENCl OR 
TEMPORAR\ USE 

Emergency splints and splints for tempo 
rary use to immobilize or protect the elbow 
forearm wnst or hand can be made from the 
tjqie of aluminum slats used in the manufac 
hire of Venetian blinds These slats are cut 
to desired lengths and have a remarkable de 
gree of resiliencj The strength and ngidit} 
of such a splint can be increased by placing 
two three or more slats on top of eacli other 
and connecting them with a met at each 


end This is similar to a carriage spring con 
sisting of several leaves The aluminum slats 
are covered with a sheet of thin white felt 
and applied to the arm with an elastic band 
agw wf appTO'pTi'vt.e 

The recently designed emergency splint 
for immobilization of the elbow at any de 
sired angle has found universal acceptance 
especially among hemophilia patients Tins 
splint consists of two sheet metal sections 
joined with a ratchet screw and lined with 
% inch wide felt The construction of this 
appliance is readily seen from Figure 143 
Tlie sphnt is applied with one or two ACE 
bandages and does not interfere with refrig 
eration of the arm b) means of cold packs 
This adjustable emergency sphnt is also used 
for immobilization of the knee joint 

A small splint for immobilization of the 
terminal phalanx of a finger m hjpcrexttnsion 
IS used for fractures at the bast of the ter 






188 


Orthopedic Apidianccs 


mmil phalanx at tlic insertion of the extensor 
tendon the so-calJed bisehiJ] finf^cr” The 
appliance consists of one piece of thin stain 
less steel or Alcoa nlumiinun 202-1 T4 cut to 
a pattern of the finger The splint is ham 
mered on the lead to conform to the \olar 
surface of the finger with the terminal phalanx 
held in h)perextension It fixes and protects 
the terminal phalanx right to the end A num 
her of holes inaj be drilled into the inclal to 
m untain the sl»j|j jn good cnmhtioii Tlie 
splint is held m pi ice b) two flanges on 
either side which gam a finn grip on the 
middle or the proximal phalanx \Vlien this 
volar splint fits snugly to the fiigcr the 
flanges are adjusted by bonding the steel to 
permit the introduction of the finger Once 
m place the flanges are further tightened 
around the finger with the aid of pliers or a 
vise so that there is sufficient pressure to 
hold the splmt securely without interfering 
With circulation Stainless steel while more 
difficult to shape is preferable as it is not 
subject to corrosion The splint miy be vvoni 


constantly for the rcrjmred time It allows 
/uM use of the liand except for the section of 
ll e finger under treatment The hand ma) 
be washed witliout removing the splint and 
even a glove may be worn 
This splint ml) be made in any desired 
length ind used for immobilization of the tn 
tire finger If a metacarpophalangeal arlicu 
lation requires immobilization tlic splint is 
extended into the palm where it ends m a 
small plate that is held m place by a circular 
elastic around the hand 
Another very simple finger splint is used 
in the treatment of tlie so-called “trigger 
finger” If used early m the development of 
this condition it ma) effect a cure and elim 
mate the need for surgery Tlie splint con 
sisls of two spring rings one fitting the prox 
imal and the other the middle phalanx These 
are connected with a small longitudinal steel 
bar The sphnt can be worn daj and night 
as it prevents the degree of flexion which 
leads to the painful trigger finger phenom 
cnonvvathoutinterfcnngvvith the general func 
lions of the finger 
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THE USE or X RAYS IN THE FITTING OF 
ORTHOPEDIC APPLIANCES 


E)r more tlnn tliirtj jears avc Iia\e stressed 
the importance of roentgen examination for 
scientifically correct fitting of orthopedic ap 
phanccs for tlie spine and the weight bearing 
lower extremities 

In the first edition of this booh we devoted 
considerable space to detailed discussion of 
X ray technique for long distance exposures 
of the spine that enabled us to study cases of 
kjqihosis and scoliosis and to evaluate the 
corrective action of spinal braces designed 
and fitted for these deformities Since tlien 
however x nj equipment has been perfected 


to the extent that a long distance exposure of 
the spine witli a film focus distance of 78 
inches (2 meters) has become a matter of roii 
line and no longer requires special apparatus 
to produce excellent undistorted films of 
almost the entire spme 
Long distance exposures of this type with 
the patient standing erect and weanng a 
spinal brace should be taken at the time of 
the second fitting of a passive supporting or 
active correcting spinal brace and again 
when the finished appliance is delivered 
Similar dieck up x rays should be taken at 



tic 1-17 \ ray control of passive supporting spinal brace (a) Paralytic scoliosis 
(b) Spondylitis ankylopoetica 
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Tie 148 \ ray contr 1 of active correcting spinal brace (a) Correct action of pressure 
pad (b) As pelvic frame rotates bnceisincfFective (c) Same patient good correction 


regular intervals to determine the continued 
effectiveness of tlie brace and the necessit)' 
for alterations Only one single film is needed 
for such a check up perhaps twice a year 
Fear of too much e-eposure to radiation may 
L us be alkviattd 

Tl e recognifjDn of roentgen evaininafion 
as a useful method in the construction and 
proper fitting of orthopedic appliances was 
“still far from general” when the first edition 
of this book was written in 1938 I am 
afnid It is stiff far from general aftliough cor 
rett fitting and action of many orthopedic ap 
pliaiices should be checked by x ray This 
IS csjwcially important for braces for exces 
sive shortening of a leg or for a Holimanti 
brace designed to maintain reduction of con 
genital dislocation of the hip as weU as for 
passisc supjxjrting hriees ns shomi in t’ e 
illustrations 

Roentgen examination of the correct fitting 
of orthopedic appliances is of paramount im 
portance and has become a standardized func 
tion never to he omitted in tJic treatment of 



Fic 149 Congenital dislocation of hip With 
patient wearing the Hohmann type brace shown 
m Figr re 93 x ray taken at second fitting ^ows 
the position of the pelvic hand the tiochantenc 
joint and tlie pressure pad to be too high The 
brace must be changed accordingly 
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hemopliiln patients 

Ever) hemophilia Hessing brace for the 
lower extremities must he checked with x-n»)s 
to determine the relationship of the knee and 
ankle joints of the brace to llie anatomical 
or natural axes, as the slightest incongruence 
between these axes produces shearing forces 
on motion This leads to hemorrhages into 
the joint, which will not occur if the brace 
fits correct]) 

These xra)s arc taken with the patient 
wearing his brace, standing and bearing full 
weight on the extremity As a rule, onl) a 
«ingle, true A P exposure is made on a small 
5” xl" or 8'’xl0' film placed directly on Uie 
back of the knee or ankle Both the film and 
tlie x-ray beam should be well centered at 
the level of the axis to be examined to avoid 
distortion X rav equipment must be adapt 
able to the height of the patient to direct 
the centerbeam as indicated X n) examina 


lion IS not indicated where the brace is coP* 
structed witliout ankle or kmce joint as there 
IS no risk that shearing forces will lead to 
bleeding if there is no joint motion 
\ ra) examination of the position of tl'O 
foot in a hemophilia Ilcssing brace for fixed 
cquinus or equinovanis deformitv should l>o 
made with A-P and lateral exposures with 
the patient standing and beanng weight to 
ascertain that the entire foot is well support 
cd by the sandal of the bnce and that the 
longitudinal axis of the tibia is perpendicular 
to the ground whenever possible Attention 
must be paid to maximum support at the 
htel to avoid excessive weight on the ball {>f 
the foot and crowding of the toes 
While we have emphasized the absolute 
need for the use of x ra)s in the orthopedic 
treatment of hemophilia patients, we must 
reiterate that it should also be common prac 
tice to insure correct fitting and lasting efietf 
tiveness of spinal braces and appliances for 



foot in the brace for excessive shortening of the Fic 151 Slipped femoral capital epiphysis 


leg, illustrated in Fig 112 


X ray control of isclual strap seaL 



Fig 152 (a and b) \ raj control of correct fitting of hemopluln Hessing brace for 
piticnt \nth hemopliilit arthropathies right and left knee (c) \ ny check up of brace 
fitting at nglit ankle shows brace )oint too low causing recurrent hemorrhages into 
ankle joint (d) Correct placement of brace ankle joint in line with anatomical axis 






Fic 133 \ ra> check of patient age thirty 

Nveating hemophilia Ilcssing brace xMth Swiss 
knee lock 



Fic 154 \ ra> check of patient age ei^teen m weight bearing position Equinus 
deformUN of eatreme degree secondary to hemophrUe m>opathy has obtained max 
imiim benefit from conservative treatment Frre ambulation with hcmopliilia Ilessing 
brace incorporating cork platform to support entire foot in equmus 
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AMuction splints, 169-172 
hemiplegia and, infantile, 176 
strapless, 172-173 
norkiog drawing of, 170 
ACE bandage, 127-128, 185 
Adhesions of knee, 22 
Alcohol, PoI>’vin>l, 164-165 
Alumimini 
braces 
foot, 1S8 

hemiplegia, infantile, 176 
Hcssmg arm, 179 
hip, 122. 124 
leg, double-bar, 85 
lower back, lunged, 75 
shoulder, 173 
spine, 65 

spiral bar, 118, 120, 124 
Volkmann’s ischemia, 182 
Schleeker spnng joint, 105 
splints 

cock-up, 171, 182 
emergency, upper extremity, 185 
finger, 188 

supports, abdominal, 72 
American Milwaukee brace, 66 
Ankle 

axes and plumb-lme of, 79 
braces 
HeSsing 

hemophilia, 103, 142 
leg, 09 

leather-stnp, 138 
x-ray in fitting of, 192 
Anti graxity spinal braces, 64 03 
Apron, abdominal, 40, 43 

braces, 177-188 
plastic, 163-184 
splints, 180 
Arthritis, 120, 152 

Arthropathy, hemophilic, 23, 27-28, 104, 177, 192 

Arthrosis of knee joint, 120 

Artifiaal quadnceps Isee Qiiadnccps) 

“Aussengelenk,” 68 

Axes of low er extremities, 79-80 


B 

D icL (see Lower-back, Spine) 

Baeyer (see von Bae>tr) 

Bandages 

ACE. 127-128 185 
standardization of, 4 5 
' Dandcrscblaffheit," 69 
“Baseball finger splint. ’ 187 188 
celluloid, 58 
Be<Is 

fiberglass, 59 

paralysis and, obstetric, 174 175 
Belts 

elastic abdominal, 72-74 
polo. 71-72 

Bench, cast, for leg braces, 96 

Bending pliers, 82 

Birtli palsy, 173-175 

Box joints, 85 

Braces 

American Milwaukee, 66 
anti gravity, 64-65 
arm. 177-188 
plastic. 183.184 
back (see Lower back. Spine) 
club font (see Club foot braces) 
double-bar (see Leg braces) 
extremibes (see Extremities) 
fingers, 182 
foot (see Foot, braces) 
hemiplegia and, infantile sp'isbc, 173-176 
hemophilia (see Hemophilia) 
llessing (see ifessing braces) 

Hewitt knee brace, 136-138 
bip (see Hip braces) 

Hohmann (see Hobnunn braces) 

Jewett liyperextcnsion back, 63 
knee (see knee, braces) 

Lange. 148 150, 155 
leg (see Leg braces) 

Li^strand. 101, 104-103, 12-4, 142 
lower-back (see Lower back braces) 
night 

cluh foot, 146-150 
dRTpfoot. 138 
shoulder, 173-177 
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•ipmal (see Spine, liraccs) 
spital-bar, 115-121 
Volkmann's contracture, 180-183 
walking, 141-143 

Williams Iiimljosacral H^xian hack, 76 
Brad/ort] frame, 31 
Breastplate for spinal braces, 52-54 
Buckets for plaster of Pans. 7 
Bunilis, 169 

c 

Caliper for leg brace, 94 

Callosittes, 153 

Cast bench for leg braces, 96 

Casts 

Qiiengcl, 21-59 
spiiul braces, 31 
Stryker electric cutter, 5-6, 17 
Celluloid 

hick apphanc-c, 19-21 
conets, 59-80 
manufactute of, 59-60 
fool braces. 138-139, 155. 160-164 
chib foot, 148 150 
fitting, 164 
foot plate, 9 
shell, 57-59 
matenals for, 57-59 
Cerebral palsy. 85-86 
Cliamois for spinal braces. 56 
“Closed chain” pnnople, 69 
Club foot braces 
Lange-type, 148-150 
night, 146-150 
celiulotd, 148-150 
pre-walker shoe. 150 
Cock-up splints. 171-172. I82-1S4 
pattern for, 183 
Contractures. 23 

Volkmann's. 180-183 
Corns, I53 

celluloid, 59 60 
m-mufacturc of, 59-60 
fiberglass, 60 
flower pot, 60 
Hohmann's, 62 
inner belt. 73 
leather-cork, 60-62 
manufacture of, 60 62 
leather for metatarsal, 163 
spinal brace, 52-53 
closed, 43 
Coiitil 

alxiominal support, 72 
corsets, 52 
li!p braces, 122 
knee splints. 127 


Cnitcb. iscbnl seat, 112-114 
Cunratwies of spine 
braces for. 38-39 
deviation and, 45 

D 

Dacron felt, 151 
Denis Browne splint, 150 
Deviation of spine, 45 
“Dinner pad,” 23 
Dislocations 

bip. Congenital 121-127 
sboiilder, 173-177 
Double-bar braces (see Leg bracts) 

E 

Clastic 

abdominal supports, 72-74 
Hewitt type brace, 136 13S 
Elbow, 177-178 
spbnts. emergency, 185 186 
tennis, 183 
Emergency splints 
hemophiJu, 126-129 
upper extremibes, 185 168 
Epicondylitis lateralis bumtn. 183 
Epipbysiolysis, 173 
Epiphysis, slipped femoral, 191 
European O 1 lock knee ]oint, 89 90 
Extension leg braces, 143-146 
Extremities (see also specific sites) 
losver 

appliances for, 77-150 
elassific.ition of, 77 
axes of, 79-80 
plumb line of, 79-80 
unweighting of, 110-112 
upper 

appliancex for, 167 18S 
classific-ition of, 168-169 
psychic functions of, 167 

F 

Feet (see Fool) 

Femur 

epiphvsis of, slipped, 115 
fractures of. 114 
o teomyehtis of, 145 
Fibergliss 

back appliance, ]9 21 
braces 
arm 183 

llcssing, 179-lSO 
foot, 155, lef-ied 
spine, cervical, 67 
corsets, 60 , 

plates, foot. 9, 141 
slieHs, 57-59 
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Fingers 
braces, 182 
splints, 185, 187-188 
baseball. 187-188 
tngger, 187-188 
traps, 168 

Flosver pol-corsct, 60 

Foam rubber tongue, Ilessitt t>‘pe knee brace, 188 
Foot 

attachments for leg braces, 94 
braces, 138 166 
active correcting, 154 
celluloid stecI-wirc, 155 
combination, 155, 159-160 
correction of deformity and, 151 
ngid feet, 152 
drop. 138-143 
night, 138-141 
uafking, 14I-I4I 
Icallier-stnp, 136 
manufacture of, 156-166 
model (see Model) 
passive supporting, 155 
prophylactic reasons for, ISl 
support for foot, 152 
x-ray in fitting of, 191 
club foot (see Club foot) 
plates 

indications for, 151 
Lange, 155 

manufacture of, 156-166 
model (see Model) 

Spitzv's, 153 

Whitman (see ^^'hItm-^n foot plate) 
splints, drop postenor, 141 
Forces and spinal braces, 36-38, 45, 47 
Frames 
Bradford, 31 
double hinge, 51, 54 
modeling, for leg braces, 95 
pelvic 

llessmg leg brace and, 109 110 
spinal braces and, 46, 50 52, 56 
thoracic, for spinal braces, 50-52, 54 
Freja pillow splint, 121 
Fnebcrg splint. 121 
“Frog position” for hip braces, 122 
“Frozen sliouldcr," 169. 171 
Fundament m spinal braces, 33, 16 
Fusion operation versus spinal brace, 35 

G 

Gear, worm, on foot brace, 142 
"Ceschlosscne Glicderkctte," 68 
Gigh saw, 5-6 
Glisson sling. 12, 35-36, 67 
Gloves 

Kruckenberg, 180 


nibber, 6 

Cuter splint for Volkmann's ischemia, 183 

II 

Hand plitcs, 187 
lltmipkgia 143 
infantile spastic, 175-176 
Hemophilia 

arthropithy. 23, 27-28, 177, 192 
braces in 
arm, ISO 

Hessing, 101-105, 142 
lower leg, 142 
shoulder 173 
X rav in fitting of, 19I-I93 
splints, emergency, 128, 129 
elbow, 185-186 
llcssing braces, 82 
arm 177-182 
hcmopbilia, 101-105, 142 
ischial scat. 111 
leg 

building brace to model 9307 
fimslimg 100 101 
hemopbiha, 101-105 
leatbcnvork 08 
manufacture of, 95-110 
model plaster of Pans, 93 96 
modifications of, 101-110 
reinforcement unit, 98 
skcl frame unit, 07 99 
steel skeleton, 97 
steel work, completing, 99-100 
spine, 35 

x-ray in fitting of, 101-103 
llessmg, Fncdnch von, 93 
llcwitt-typc elastic Irnee brace, 133138 
Hinges 

"double frame." 34, 50, 55 
leather for, 53 

limged lower back brace, 74 78 
spinal braces, 34 

subluxation, Quengel cast, 23, 2327 
Ibp 

braces. 121 127 
short. 123-127 
x-ray in fitting of, 190 
dislocation, congenital, 121-127 
Holimann 
braces. 123-127 
hip. X ray in fitting of, 190 
radio-ulnar articulation, 183, 185 
shoulder, 173174 
corsets, 62 
“Iloop-action." 71 
"Hoeqj effect,” 70, 74 
lloisehide 
leg braces. 86 
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spinal braces, 50 
Hydrops, 130 

I 

Immobilization and spinal brace, 35 
Ischemia, Volkmann’s, 180-183 
Ischial seat (see Seats) 

I 

Jewett hyiicrextcnsion back brace, 03 
Joints 

ankle {see Ankle) 
box, 85 

elbow (see Elbow) 
ehminatton in appliances, 81 
knee (see Knet) 
iirldeekcj'.YvMa JOJ, 3113 
manuE.ictiirc of, 105-109 
shoulder 

braces, 173-177 
frozen, 169, 171 
Irochanlenc. 107 
spiral-bar hip brace, 127 

K 

Kerr and Lagen supports, 72 7-1 
knee 

adhesions, 22 

axes and plumb bne, 78 80 
braces, 127-128 
llessing leg, 88-100 
Icalber-iJnp, 130-135 
x-ray m fitting of, 192 
Ilewitt type clastic, 130-138 
locks (see Locks) 

Schlecker spring, 101, 103, 103-109 
splints. 127-138 

posterior flexible, 127-130 
pattern for, 130 
knife, plaster of Fans, 5 
“kiigeleinkige,” 153 
■ Knickenbcrg glove,’’ 180 
kyphoscoliosis, fixed, conet for, fil 
k>phosis, 19 
dorsal, 48 
corset for, 60 

L 

Lacing for spiml braces, 39-42, 53 
Laminae 

arm braces, 183-184 
foot plates, 168 

Lange-t)'pe brace, 148-150, 155 
Leatlier 
braces 

ankle, 136 
foot, 136, 141 


flip, 122 
knee. 130-136 
leg, 86. 98 
spine, 53, 56 
corsets, 60 61 
cork. 60 62 

manufacture of, 60-62 
metatarsal, 166 
"Ledges," plaster of Pans, 20 
Leg braces 
double-bar, 82 

circumference measurements, 81 
ewnponent parts, 85 
assembly of, 85 
extension bars, loops for, 87 
final cbeck-out, 86-94 
fitting, 85 

tschinl seat and, 112 
Icathenvork, 86 
lengtli measurements, 83 84 
manufacture of, 83-81 
tracing. 83 

layout of Joints and metal bands on, 84-85 
extension. 143-146 
hemophilia lower-leg, 142 
Messing (see Messing braces, leg) 
spiral bar. 115-121 
Leg, shortening of, 143-146 
Locks. 87 93 
automatic, 89-93 
European 0 1 . 89-90 
ischial seat and. 111 
nog 87 
automatic, 89 
modified, 83 
working drawing of, 88 
Swiss, 90 91. 108 

liemophdia Messing brace and. 101, 103 104 
X ray in fitting of, 193 
unilateral double, 115-116 
von Baeyer's, 91 

LoEtniCKl braces, 101, 104-103, 142 
spiral bar bip brace and, 12-1 
Lordosis lumbar, 31, 76 
Lower-back 
braces, 68-76 
lunged, 74 76 
manufacture of, T5-TB 
spiral-bar hip brace and, 124 
model, 19-31 
pain, 68 
shell for, 10 
supports, 68-77 

M 

Mastiscd, 168 
Metatarsal corset, 166 
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bacl^ appliance, 19-21 
appbcation of plaster, 20 
position of patient, 19 
preparabon of bacl., 19 
foot braces and plates, 8-12, 15-1, 150, 159 
applicahon of plaster, 10-1 1 
celluloid, 160 
posiUon of patient, 8-10 
preparabon of foot, 10 
UTiitman plate, 157 
modeling frame for leg braces, 95 
plaster of Pans 
corsets, celluloid, 59 
foot braces, 154 
Ilcssing leg brace, 95-90 
Lange-type brace, 149 
shells, 57 

spinal braces, 50-51, 55 
posilne 

foot braces and plates, 11-12 
spinal brace, 18, 32 
spinal brace, 12-19, 32, 50-51, 53 
Moleskin, 175 
leg braces, 88 

N 

Neuralgia, intercostal, 35 
Niglit braces 
club-foot, 146-150 
drop foot, 138 

N>lon tape for leg braces, 86 
O 

Obstetneal paralysis, 173 175 
Orthobond, 160 
Osteoartbnhs, 123 
Osteomalacia, 77 
Osteomyelitis, 152 
femoral, 145 

P 

Pads 

“dinner,” 23 
pressure trochanter, 49 
shells, celluloid, 58 
spin'll braces, 53-56 
thoracic, 53 56 
Paget's disease, 77 
Pain, losver-back, 68 
Palsy 

birth, 173-175 
cerebral, 85-80 
Paralysis 
infantile, 22 
obstetneal, 173-175 
scohosis, 8. 31,38,41, 189 
"Patten,” 112, 113 


Patterns, paper, for spinal brace, 51 
Pekinstnpc 
corsets, 52 

supports, abdominal, 72 
Pels IS 

frames for braces 

flessingleg. 109-110 
spinal, 46, 50-52, 56 
indination, influence on spine, 43 
strap, "self modebng," 13 
Penarthnbs bumero-scapulans 169 
Perthes' disease, 114-115 
Pes equmus, 138-143 
correction of, 139 
Pillow splint, Prejka, 121 
Plaster of Pans 
bandages, 4-5 
bucket. 7 
desenpbon of, 8 4 
knife, 5 
•ledges ” 20 
reinforcements, 20 
shell for back, 19 
splints, 20 
stand. 7 
Slille cutter, 5 
storage of, 4 
strenglheners. 21 
table, 4 

teclimque, 3-29 
Plates 

foot (see Foot, plates) 
hand. 187 

spring, for spinal braces, 81 
Pliers, bending, 82 
Plumb-Lne, losser estremities, 79 80 
Polo belts, 71-72 
Polytinyl alcohol, 164-165 
Pre-svalker club foot shoe, ISO 
Pseudoarthrosis. 77. 167. 177 179 

0 

Quadneeps, artiflcial. 106, 109 
ermstmction details of, 109 
manufacture of, 109 
working drawing, 107 
Qucngcl cast, 21-29 
Quengel method, 21, 23 
Volkmann's ischemia, 181 

R 

Itadio-ulnar articulation, Ilohmann brace for, 183. 183 
Reinforcements, plaster of Pans, 20 
Ring, Thomas, 111 
Rbets 

fo(4. 160 
leg, 85. 98 
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J73 

ScMetker spring JO nl 106 
RofntgenDgraph> m fitting ippLantes 18J 
Roger Amler'tin fracture tiLlc 2-3 24 
Rubber gloves 6 

s 

Snntlil intl Ug 1 races &! 

Saw Cigb 5 6 

S hleeker spring knee <« nt 10' 103 
manufacture of 105 109 
S cJo i« 

I race for 34 
C s j (peJ 44 
corset for 02 
lumbar lift 
brace for 48 
etiology 44 

paralytic 0 31 38 41 18J 
postural 31 45 
stiahca 31 
S 'liapeJ 
bricc/of 42 
conet for 62 
ScrcNss for braces 
leg 07 

spinal 52>53 50 
S ats 

ischial 110-112 
crutch 112-114 
Hessing brace and 9S 111 
X w) rn fitting of 191 
leather strap 
unwetghting 114 116 
von Bie>er 93 
Siiells 
back 19 
celluloid, 57 59 
niatenals for 57 59 
fiberglass 57 59 

paralysis and obstetne 174 173 
Shoes 

forefoot cquimis 143 
inside extensions for 144 
pre-MTilker dub foot ISO 
spirt 146 

Sliortcmng leg 143-146 
Shoulder 
braces 173 177 
frozen 169 171 
Sitzstock 112 114 
Shngs Ghsson 12 35 30 67 
Space shoe 140 

braces 30-67 

active eorrecfing 30 40-49 
building 55-56 


definition oi 43 
finishing 56 
"indirect act on of 43 
imiclcl plaster of Pans 55 
specifications and preparation of parts 55-56 
Straps penneal 47 49 
anti gravity, 65 
classification of 30 

construction common factors m 31 34 
custom made" 31 
forces interplay of 36-38 45 47 
fundnnnnt 33, 46 
Hessing type 35 
moJeU 12 19 50 51 55 
positive 32 

passive supporting 30 34 40 
ilxlomina! ipron 40 43 
Wilding of 50 54 
corsets closed 43 
finishing 53 54 
lacing 

bilateral 39-40 
unilateral 41-42 
model plaster of Pans 50-51 
specifications and preparation of parts 51 52 
steel skeleton for 33 51 
strap penntal 41 

dirts? point si-stem of correct \c ^orccj 32 37 
traction ami 36 
V ray in fitting of 1S9 190 
cervic il support for 67 
dovaation of 45 
pelvic loclinahon end 15 
Spiril Inr leg bract 115 121 
Spitiy* foot phte Io3 
Splints 

abduction {see AMuchon splintrl 
arm 180 

cock lip 171 172 182 184 
patteni for 183 
ctiHing 9 
Dems Browne 150 
emergency 
Iiemopiulia I2S 129 
upper extremities 185 188 
finger {sec Fingrr) 
foot drop posterior 141 
Frejka pillow 121 
Fncberg 121 

gutter in Volkmanns ischemia 183 
I ip dislocation congenital 121127 
knee (see Knee) 
plaster of Pans 20 

temporary, upper extremitic’S 185-188 
lot spring steel 166 
Spondylitis ankylopoctica, 40 189 
Spondyloludiesis brace for 76 
Spnngjoints Sthlecktr 101 103 105-109 
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Spnng plate, spinal braces, 34 
“Spur," drop foot walking brace, 14 1 
Stand lor plaster of Pans, 7 
Steel 
braces 

foot. 139, 156-160 
Hewitt Ij-pe, 138-137 

l dp. 122, 124 
knee, 131 

leg. 97-99 
doublc-bai, ^ 

lower-back, binged, 75 
spine, 51, 55, 65 
spiral-bar, 118, 124 
(piadnccps, artificial, 109 
Schleeker spnng joint, 106 
shells, celluloid, 57 
splints 

abduction, 171 
finger, 188 
knee, 127 
toe, 166 

supports, abdominal, 72 
Sblle plaster cutter, 5 
Stirrups for leg braces 
caliper slot joint, 94 
Hessmg, 99 
Straps 
braces 
arm, 184 
foot, 141 
hip, 124 

Lange-lype, 149 150 
leg. lOS 
shoulder, 173 
spine. 41,47, 49,52, 55-56 
corsets, 61 

pelvic, “self-modeling," 13 
seat (sec Seats) 
supports, abdominal, 72 
' Strengtheners,” plaster of Pans 2l 
Stryker electnc cast cutter, 5-6 17 
Supports 

abdominal clasbc, 72-74 
Kerr and Lagen, 72-74 
lower-back, 68-77 
spine, cervical, 67 
Swiss locks (see Locks) 

Synovitis, 130 


T 

lables 

plaster of Pans, 4 
noger Anderson fracture, 23-24 
swivel, for spiml braces, 50 
Tang for Sclilceker spnng joint, 106 
"Tennis elbow," 183 
Tliomas, Hugh Owen, 111 
Ibonus ring, 111 

Tlioracit frame for spinal braces, 50-52 54 
Tkitwacw-tiadafot sxnual Vnac«, 55-^6 
Toe spnng steel splint, 166 
Tongue, Ifcnsritt-type knee brace, 138 
Traction and spinal braces, 36 
Traps, finger, 168 
“Tngger finger splint," 187-188 
Trocliantenc joint, 107, 127 
Tuber iscbu, 77-78 

umvcigliting lower extremities and 110 

V 

Valgus 

paral)-t«c deformitj, 119 
pes piano, rigid, 1 IS 
Velcro.86, 171-172. 179.184 
Volkmaiin's ischemia, 180-153 
von Bacycr 

drop foot w alking brace, 14 1 
Ic-atber strap seat, 93 
lock knee joint, 91 
fvclvic strap, 16-17 
von Hessmg (see Hesung) 

Walling braces, drop foot, 141-143 
Wlulman foot plate, 154 
combination, 1S5 
manufacture of, 157-159 
Whitman method, 8 

Williams lumliosacral Besion 1>ack brace 76 
Worm gear, foot brace. 142 

X 

\-ray in fitting appliances, 189-103 

Y 
Yoke 

spinal braces, 53-54 
spinal supports, 67 



